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ABSTRACT. 





The Bendigo, Vic., goldfield has produced over 16,000,000 
ounces of gold, chiefly between 1851 and 1915. Ii is one of a 
number of gold-mining districts in southeastern Australia in a 
region underlain by a thick series of Ordovician slates and 
sandstones that is closely folded and intruded by Devonian ( ?) 
granitic rocks. At Bendigo gold-bearing quartz reefs occur 
close to the axes of several anticlines, especially on domes. 

The folds, faults, and quartz reefs are discussed and the conclu- 
sion reached that all three were developed during a long period of 
compressive stresses that affected Bendigo and a large surround- 
ing region. The slates and sandstones yielded at first by folding 
but later by reverse faulting as well, especially in the axial por- 
tions of the folds. The connecting system of faults along each 
anticline provided an independent channelway and locus of depo- 
sition for ore solutions. Evidence is presented that compression 
and faulting continued during deposition of the reefs. It is 
believed that the reefs grew mainly by accretion. Tensional rifts 
roughly parallel to the axial planes of the anticlines and later 
than the quartz deposits are occupied by lamprophyre dikes that 
have been considered Tertiary but may belong to the Devonian 
(?) period of folding, intrusion, and mineralization. 
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INTRODUCTION. 


History and Production—The Bendigo goldfield was dis- 
covered in 1851 during the sudden great wave of prospecting 
stimulated by the gold discoveries in California that uncovered 
most of the major gold districts of southeastern Australia. 
With a total production of at least 16,000,000 ounces of fine 
gold (including about 4,000,000 ounces from alluvial workings) 
Bendigo ranks with the important gold districts of the world. 
Quartz mining in the district had its greatest development prior 
to 1915; exhaustion of shallower levels on the main lines of reef, 
inadequacy of shafts and equipment for working deeper than 
about 3000 feet, and economic difficulties during and after the 
war brought operations to a very low ebb in the period from 1923 
to 1931. Since then there have been renewed efforts at develop- 
ment and some small increase in gold production as a consequence. 

Purpose of Paper —The Bendigo district and its geology have 
been well described in a number of papers, including the classic 
reports of E. J. Dunn and more recent papers by F. L. Stillwell 
(see appended bibliography). The present paper attempts to 
give a unified explanation of the structure of the district and of 
the place of the ore deposits in their structural environment. 

Acknowledgments.—The original work on which this paper 
is partly based was carried on for Bendigo Mines Ltd., during 
1934-36 by the writer assisted by T. A. Barnes and F. M. Chace. 
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H. E. McKinstry made a preliminary inspection of the field 
and collaborated in some of the investigation. Dr. McKinstry 
and Prof. D. H. McLaughlin contributed suggestions during the 
course of the work but do not necessarily agree with the conclu- 
sions of this paper. The paper is published with the permission 
of Bendigo Mines Ltd. 

Outline of Geology.—Bendigo is one of a number of rather 
sharply defined gold-bearing districts occurring in that part of 
central Victoria underlain by Lower Ordovician slates and sand- 
stones (Fig. 1). These rocks have an estimated thickness of 
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Fic. 1. Map of Victoria and adjacent New South Wales (adapted from 
David), showing granitic intrusives and important goldfields. 


more than 5000 feet and have been folded everywhere into a 
series of roughly parallel anticlines and synclines striking a little 
west of north. The folded slates and sandstones have been in- 
truded by stocks and batholiths of granitic rocks (commonly 
granodiorite) of Devonian (?) age, the one closest to Bendigo 
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being the Harcourt batholith, whose nearest contact is some eight 
miles to the south. The sedimentary rocks are little altered. 
Gold-bearing quartz bodies, including the famous saddle-reefs, 
occur close to the axes of many of the anticlines, and a statistical 
study of the field has brought out a close spatial relationship be- 
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Fic. 2. Map of Bendigo district, showing edge of Harcourt batholith, 
anticlines and domes where surveyed, area of outcropping reefs, and most 
productive parts of anticlines. 
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tween gold-bearing quartz reefs and gentle domes along the anti- 
clines (Ref. 14 and Fig. 2). <A tendency for quartz veins to 
cccur on domes has also been noted in the somewhat similar de- 
posits of Nova Scotia (18). At Bendigo the most productive 
anticlines have been relatively large and fairly symmetrical ones. 


LOCAL STRUCTURE. 
Folds. 

Persistence and Type of Folds.—-The anticlines and synclines 
of the Bendigo district are a remarkably regular series of corruga- 
tions striking about 15 degrees west of north. Most of the folds 
persist for miles along their strike, and those that have been ex- 
plored by mining have persisted to the lowest depth reached, 
which on the New Chum anticline or “ line of reef” is 4600 feet. 
The transverse distance from anticline to anticline averages a 
little less than 1000 feet. The anticlines and also the synclines 
are narrow abrupt folds with limbs dipping rather uniformly 
about 70 degrees, with crests only about 30 feet across, and gen- 
erally with axial planes inclined to the east at about 85 degrees. 

If, when beds are folded, there is no change in the thickness 
of individual beds, folds of the “ parallel” type are evolved and 
the beds are folded concentrically. Consequently there is an 
increase or a decrease in radius of curvature at higher or lower 
points in the cross-section. 

The folds at Bendigo are of the “ similar ” type, and for them 
to persist, as they do, essentially unchanged in size and closeness 
of folding over large vertical distances there must have been a 
thickening of beds at the crests of the folds or a thinning on the 
limbs, or both. This relative thickening and thinning of beds is 
shown by the transverse sections of mines and can be measured 
in many cases. Herman (11) assumed that the beds are two 
and a half times as thick on the crests as on the limbs and con- 
structed his cross-sections accordingly. However, measuring a 
number of mine cross-sections shows that the ratio is commonly 
greater, mostly ranging from two and a half to four times, and 
in at least one place reaching six times. It is to be expected then 
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that real cross-sections are less regular than those given by Her- 
man, and that irregularities in thickening and thinning may ac- 
count for some of the relationships explained by him as due to 
faulting. 

Although in general there is much uniformity in the Ordo- 
vician section at Bendigo, in detail there is considerable variety 
in lithology with beds ranging from clay slates to thick massive 
quartzitic sandstones. These beds respond quite differently to 
folding, the slates being incompetent and adjusting themselves by 
flowing or crumpling; the sandstones being relatively competent 
and tending to fold concentrically until they finally yield by shear- 
ing. In some mines folds are locally broader where they in- 
volve thick sandstone beds. 

Another essential difference between “ similar ” and “ parallel ” 
or concentric folding is that in the similar type adjustment is by 
flowage within the bed, whereas in the concentric type adjustment 
is made by slipping between beds. Accordingly at Bendigo 
“backs” (quartz veins following bedding-plane faults) are gen- 
erally found at the bases of thick sandstone beds. 

On considering that in the folded Ordovician section there are 


at some horizons rather thick groups of sandstone beds, it is evi- _ 


dent that where a fold passes vertically through these groups 
there is a tendency toward concentric folding and, therefore, 
toward a dying-out of the fold. However, as it is known that 
most folds do not die out, but rather persist with little change, it 
is apparent that a more-than-normal adjustment must have been 
made at some other level for the fold to have persisted. This 
adjustment may have been either a greater thickening of the 
adjacent incompetent beds or faulting of the competent ones. 
This conception offers an explanation on the grounds of lithology 
for the occurrence of major zones of faulting and of quartz reefs, 
and would provide a physical explanation for the alleged pref- 
erence of such reef zones for beds of certain ages. 

Pitch of Folds——Over the length of the district the folds are 
not horizontal, but locally pitch as much as 30 degrees. In gen- 
eral there is a northerly pitch at the north end of the field and 
a southerly pitch at the south end. In consequence there are 
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gentle domes on the different anticlinal lines, and these domes 
fall roughly into a zone crossing the strike of the folds obliquely 
(Fig. 2). A similar domal or pitching structure, but on a larger 
scale, is found in anticlinoria like the one of which the Bendigo 
district is a part (19). The distribution of the domes does not 
support an explanation of their origin by cross-folding, but they 
seem to be the result of varying compression during the main 
period of folding. With a large part of the area of Victoria 
affected by this folding, there is no possibility that folds could 
have been initiated at sufficiently regular intervals or folded so 
uniformly that pitching domes would not result. 

Minor Features of Folds—Cleavage——Because of the hetero- 
geneous lithology of the Ordovician rocks, a true slaty cleavage 
is not developed. The published transverse sections of the Hust- 
lers line (5) do show, however, that near “center ”’ cleavage is 
approximately parallel in dip to the axial plane of the fold, and it 
is probably still closer in strike. Therefore the intersection of 
cleavage and bedding in “ center-country ” 
the pitch. 


is an approximation of 


Radial Fissuring.—In sandstone beds near center there is com- 
monly developed a rough to good radial parting (Fig. 3), show- 
ing that the bed was “ competent”’ at some late stage of the 
folding. On the other hand, there are examples of sandstone 
beds a foot or more thick completely bent back on themselves 
with no sign of fissuring. Such folding must have been accom- 
plished at a time or depth at which the bed was incompetent. 

Minor Folding—Most of the folds seen underground are 
simple and not complicated by minor folding except for the small 
scale crumpling or drag-folding of slates in the axial portions of 
folds. Small subordinate folds occur rarely on the limbs of 
main folds, but drag-folding far from the crests is practically 
unknown. 

The small-scale folding in slate beds in the axial portions of 
folds is an adjustment of the incompetent beds to fill the potential 
space left by the arching of an overlying competent bed. Cleav- 
age is parallel to the axial planes of these minor folds, and locally 
there is displacement along the cleavage. 
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Fic. 3. Radial fissuring in sandstone on surface, New Chum anticline. 


Faults. 


Kind and Attitude-——The numerous faults met in mining at 
Bendigo are almost without exception parallel to the strike of 
the bedded rocks. Where faults dip in the same direction as 
the enclosing rocks, they are almost invariably parallel to bed- 
ding. The movement on all faults where the direction can be 
determined has been reverse, and grooves on the walls mostly 
show that the main displacement is parallel to the dip. A re- 
verse fault forming on one limb of an anticline follows the bed- 
ding at its dip of around 70 degrees until it reaches the vicinity. 
of the crest of the fold; near the crest the fault starts to break 
across bedding and at the same time flattens in dip so that after 
crossing the axial plane it continues at a dip of around 45 degrees 
across the beds of the opposite limb of the fold. Such faults 
offset the axial planes. 

A few oblique faults have been recorded at Bendigo but none 
can be seen in workings accessible at present. The Collmann 
“cross-course ”’ described by Dunn and Stillwell was a persistent 
fault of small displacement crossing several anticlines. The 
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faults shown on Herman’s maps are stated by him to be mostly 
conventionalized representations of adjustments necessary in 
reconciling paleontological and structural data. No such faults 
exist in mine workings, and it is probable that most of the dis- 
crepancies are due to differential thickening and thinning during 
compression. 

Distribution and Persistence of Faults—In the mine workings, 
faults dipping across the bedding are common near the axes of 
folds. The displacement on such faults is greatest at their in- 
tersection with the axial plane, but decreases greatly away from 
it. A fault that displaces the axial plane some tens of feet may 
displace the beds in the limb of the fold only a few feet or a few 
inches. Some of this weakening of faults is due to their splitting 
up. Along the portion of a fault below its intersection with the 
axial plane and where it is parallel to bedding, the amount of 
displacement cannot be measured, but such faults when followed 
down by mining operations become weaker and may eventually 
die out entirely. 

Most mining operations are confined to the vicinity of one 
anticline and do not afford much evidence concerning the syn- 
clines and more distant parts of the anticlinal limbs, but indica- 
tions are that very few faults can persist from one anticline to 
another or even from an anticline to the adjacent syncline. The 
faults along a fold are a double set arranged en echelon. 

Most faults are persistent parallel to the pitch of a fold. Some 
major faults have been proved by mining to extend for thou- 
sands of feet and comparatively small “backs” have been fol- 
lowed for hundreds of feet. 

Origin and Nature of Movement.—The attitude and distribu- 
tion of the faults show that they are intimately related to the 
folded structure and are the result of the same or a similar kind 
of deformation. During the earliest stages of compression there 
was probably no faulting and the beds yielded by folding, but as 
the overlying load was lightened by erosion or the rocks became 
so indurated that some beds became relatively competent, slip- 
ping along bedding planes at the boundaries of competent beds 
must have begun. In the steeply dipping limbs of the folds, ad- 
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justment was principally by thinning of the less competent beds, 
but in the axial portions where bedding was more nearly opposed 
to the direction of greatest compression, and where adjustment 
could not be confined to incompetent beds only, the resulting 
elongation in the direction of the anticlinal plane was accom- 
plished by shearing. An analogy is presented by the Morning 
Star dike at Woods Point, Vic. (Fig. 4). There a steeply-dip- 
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Fic. 4. Diagrams illustrating how attitude of bedding influences re- 
sponse to compression—1. In vertical beds of competent sandstone and 
incompetent slate response to horizontal compression can take place by 
flowage in the incompetent beds, only. 2. In horizontal beds response to 
horizontal compression can not be confined to incompetent beds but com- 
petent beds must fail also. 3. An anticline of the Bendigo type is a com- 
bination of cases 1 and 2. Competent beds in “ center-country ” fail by 
shearing. 4. A section of the Morning Star mine shows how the thick 
dike failed by shearing while the adjustment in the enclosing vertically 
bedded sediments was chiefly by flowage. 


ping resistant body of diorite lies in and approximately parallel 
to bedded Silurian slates and sandstones. Adjustment to com- 
pression has required shearing in the dike only, and the reverse 
faults along which veins occur in it die out on passing into the 
adjoining sediments. At Bendigo the axial portions of the folds 
can be regarded as similar to the resistant mass of the diorite dike 
at Woods Point, and an explanation is provided for the fact that 
most of the reverse faults that cut through center-country die 
out both upwards and downwards. 
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The theoretical shearing directions at Bendigo were so nearly 
parallel to bedding that the resulting faults followed bedding 
practically everywhere and consequently many of the bedding- 
plane slips initiated during folding at the bottoms of competent 
beds were followed by later reverse faults, especially as the com- 
petent bed forming the hanging wall of the fault helped to trans- 
mit the stress. 

Conceivably the vertical elongation and transverse thinning 
impressed on the axial portion of a fold by continued compres- 
sion could have been accomplished by reverse faulting along one 
shear direction only, but actually at Bendigo both directions are 
well represented. One reason is that a bedding plane, such as 
the contact of a massive sandstone bed with an underlying car- 
bonaceous slate, which localized shearing on one limb of a fold 
acted as a plane of weakness on the other limb also. As a result 
faults were frequently formed on both sides of a fold at the same 
stratigraphic horizon (the “ matching backs” of local terminol- 
ogy). Such faults meet approximately at the axial plane, but 
displacement on both was not contemporaneous, and one fault is 
commonly cut off, dragged and deflected by the other. Move- 
ment on both faults was probably intermittent and often repeated. 
Not all faults that meet approximately at center have formed at 
the same stratigraphic horizon, for as faults approach the part 
of the axial zone where the dip of the beds begins to change, they 
may cut obliquely across bedding. 

The east-dipping shear direction has apparently been more im- 
portant than the west-dipping one, so that west-dipping faults are 
commonly cut off by east-dipping faults of greater displacement. 
The easterly inclination of the axial planes of the folds is partly 
a result of this preference. Some mine sections show that the 
axial plane dips vertically and that its average inclination to the 
east results from displacements along east-dipping reverse faults. 
The displacement of the axial plane by such faults is mostly a 
matter of a few feet or tens of feet. Ina few cases it is as much 
as 300 feet or so. 

In horizontal plan shear faults along a plunging anticline must 
behave somewhat as they do in section. 











878 J. B. STONE. 


Along the faults there is commonly a thin seam of clayey gouge 
or “pug” and locally ground-up graphitic slate or “ fluccan.” 
The development of graphitic material may be due to dynamic 
metamorphism of hydrocarbons originally contained in the slates. 
Where faults cross bedding or other faults, drag is usually con- 
spicuous. 

With the shearing along reverse faults there has also been a 
development of tensional openings: (1) more or less normal to 
bedding on the limbs of folds, and (2) parallel to bedding at the 
crests of folds where the bedding planes coincide with the main 
tension direction, The later tensional rifts along the anticlinal 
planes that have been occupied by lamprophyre dikes were classed 
by Dunn as “anticlinal faults,” but there has been no relative 
displacement of their walls in the plane of the rift. 

Faulting in Synclines——The above discussion of faulting re- 
fers chiefly to the anticlines for it is along them that most mining 
development has been done. It would appear at first glance that 
similar fault systems and reefs should occur along the synclines, 
and the economic possibilities if such were the case would be of 
great importance. A fundamental structural difference between 
anticlines and synclines is suggested, however, by the fact that 
the synclines did not provide the rich surface reefs that led to the — 
development of the anticlines. The lack of a connected system 
of faults suggested by the paucity of quartz reefs is further at- 
tested by the absence of lamprophyre dikes in the synclines. It 
seems more than an accident of erosion that the synclines have 
been unimportant producers. 

A theoretical difference between anticlines and synclines that 
would affect the creation of channelways for ore solutions is that 
during compression of an anticline the arching of competent beds 
tends to support the overlying rocks and allow the formation of 
openings or potential openings beneath such arches. In syn- 
clines, however, the thrust is transmitted, downward by competent 
beds and it together with the force of gravity works against the 
formation of openings. 

Major Fault Zones.—Faults occur in considerable numbers 
along every fold, but many of them are feeble slips, and others 
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cause very little displacement where they cut the axial plane. At 
vertical intervals of the order of several hundred feet there are 
major faults or groups of faults causing offsets of tens or even 
hundreds of feet in the axial plane of the fold on which they 
occur. These faults or fault zones are of primary importance in 
causing quartz reefs, but at present their occurrence cannot be 
definitely predicted. As suggested above they may be connected 
with different, but as yet unrecognized, lithologic facies of the 
Ordovician section and so would tend to recur at the same hori- 
zon on different folds. 

The major faults are not co-extensive with the folds, how- 
ever, and the distribution of faults along the folds can be studied 
indirectly with the aid of plans and sections showing gold pro- 
duction, as the connection between faults and payable reefs is 
amply proved. Payable gold production and probably major 
faulting are definitely related to the main domes and the northern 
slopes of those domes on a number of anticlines. In most cases 
the distribution is similar at different levels, that is zones of 
major faulting and of reefs occur vertically one below another 
(Fig. 5). 

Dikes. 


The lamprophyre dikes or “lavas” of Bendigo occur along or 
near the axial planes of most of the anticlines. They pursue an 
irregular course following pre-existing faults where possible, but 
in other places following cleavage or other lines of weakness. 
The average thickness of the dikes is about one to two feet, but 
they range from a thread up to 15 feet. The dikes cut through 
and alter the quartz reefs and are not faulted in any place. No 
dikes are known to occur in synclines except on the extension of 
the Sheepshead anticline. The openings filled by the dikes are 
clearly the result of tension normal to the axial planes. 

The dike rocks are lamprophyres of somewhat different types 
(3). Most of them are fine grained to dense, but in places they 
contain fragments of the Ordovician rocks or of other dike rocks 
and occasionally large crystals of biotite. Some dikes are com- 
pletely decomposed even at deep levels. 
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The dike rocks were tentatively assigned to the Tertiary by 
Stillwell (3) on the basis of their petrographical resemblance to 
some ultra-basic lava flows near Macedon, Vic. However, 
lamprophyre dikes are found in all or nearly all of the Victorian 
goldfields, and relationship to the Devonian (?) period of batho- 
lithic intrusion and mineralization is suggested in this paper, as 
the intrusion of lamprophyres at the end of such periods is com- 
mon in other parts of the world. 

In the Walhalla-Woods Point region of Victoria there is an 
interesting differentiated series of dikes of Devonian (?) age 
that has been described by Junner (17). According to him the 
dike rocks of this series are characterized by brown hornblende 
and by a high titanium content, and some of them are lampro- 
phyres. These dike rocks are older than the gold-quartz veins 
of the vicinity. Junner points out a close relationship between 
quartz reefs and dikes in several Victorian districts. 

It is suggested here that the scanty direct evidence of the age 
of the lamprophyre dikes of Bendigo agrees as well with a De- 
vonian (?) as with a Tertiary age, and that the close relationship 
of dikes and quartz veins is more than a coincidence. 

The most important structural significance of the dikes is that 
they point to a period of transverse tension succeeding the com- 
pression that formed the folds and reverse faults. The anti- 
clines were pulled apart along pre-existing faults or other lines 
of weakness and the dikes rose passively to occupy the rifts. 
The dikes mark the end of compression, the end of faulting, and 
the end of gold-quartz mineralization. If the dikes are really 
Tertiary in age, this period of tension naturally loses any signifi- 
cance in connection with the ore deposits. 

A system of prospecting popular with some of the earlier mine- 
managers was to follow the dikes, and the fact that the dikes fre- 
quently led them to rich reefs created the belief that the reefs were 
genetically dependent upon the dikes. The dikes, however, are 
plainly younger, but both reefs and dikes depended upon the same 


channelways, namely the connected systems of faults in “ center- 


country.” 
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REGIONAL STRUCTURE. 

The folded structure of the Bendigo district is not a local fea- 
ture, but is fairly representative of the large area of Ordovician 
rocks in south-central Victoria. Throughout this area the Ordo- 
vician rocks have been corrugated into closely spaced folds strik- 
ing a little west of north. Because of the uniformity of the 
rocks structural mapping can proceed only with the aid of pale- 
ontological study of the contained graptolites, and only a few 
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Fic. 6. Cross-section of part of Lazarus shaft, New Chum anticline 
(after E. J. Dunn and W. H. Cundy). Note the displacement of center 
below the Ellesmere reef along an east-dipping fault. Section shows how 
closely reefs are restricted to “ center-country.” 


portions of the region are known in any detail. The work of 
Harris and Thomas (19) indicates that some at least of the gold- 
fields of the state, including Bendigo, occur on large anticlinoria. 
The anticlinoria at Bendigo and in the Daylesford-Maldon dis- 
trict are bounded on their eastern sides by strike faults of large 
displacement. 

The folded structure of Victoria involves Ordovician and 
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Silurian rocks. Batholithic intrusions of granitic rocks occurred 
throughout southeastern Victoria and the adjoining part of New 
South Wales in the Devonian (?), and it is to these intrusions 
that the gold mineralization is related (Fig. 1). In the moun- 
tainous section of eastern Victoria and adjacent New South 
Wales large areas of granite trend parallel to the folded struc- 
ture. The adjoining sediments are considerably metamorphosed 
and the gold deposits are in general small. The gold is less fine 
than in central Victoria, and the amount of sulphide minerals in 
the ores is higher. In the central and western parts of the Silu- 
rian-Ordovician area there are numerous scattered smaller batho- 
liths and stocks of which many, like the Harcourt granodiorite 
south of Bendigo, cut abruptly across the folded structure. The 
important gold producing districts are in this part of the state. 
It has been noted by W. Baragwanath that the gold is highest in 
purity and the amount of sulphide minerals least in districts where 
metamorphism is least. 

It seems probable that all the scattered areas of granitic rocks 
are parts of one great batholith underlying most of eastern Vic- 
toria, and that the many and sharply-defined gold districts are 
related in some cases at least to underlying cupolas rather. than 
to neighboring outcropping bodies. At Bendigo the distribution 
of reefs in plan and section points to a source of ore solutions 
vertically beneath the center of the district. 


QUARTZ REEFS. 
Mineralogy. 

The opaque minerals of the reefs are pyrite, arsenopyrite, pyr- 
rhotite, sphalerite, galena, chalcopyrite, and gold. Dr. Stillwell 
has also noted tetrahedrite (private communication). Sharp 
crystals of pyrite and arsenopyrite occur in the otherwise fresh- 
looking slate and sandstone wall-rocks and inclusions of the 
reefs. The amount of sulphide concentrate from Bendigo ores 
is generally one or two per cent. Pyrite is commonly the most 
abundant sulphide although in some reefs arsenopyrite predom- 
inates. The other sulphides are much less abundant. Sphalerite, 
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galena, and chalcopyrite are generally indicators of gold. The 
gold is about 950 fine and generally coarse enough to be visible. 

Ankerite is found in most reefs and is especially noticeable at 
the margins and surrounding inclusions and laminz. Chlorite, 
sericite, and albite occur sparingly. 

The quartz is mostly coarse and white. In places it contains 
vugs lined by large crystals. Another common type is laminated 
quartz. In part the banded appearance is due to sheeting or 
parting parallel to the walls, but more commonly the laminated 
character is due to black films of slaty material, in places crum- 
pled but generally parallel to the walls of the reef. Laminated 
quartz occurs chiefly in “ backs,” which are thin veins following 
bedded faults. 

The important feature of laminated quartz is that it occurs 
along faults where shearing had produced sheeted rock. In part 
the quartz appears to have replaced this sheeted rock, and evidence 
for such replacement has been presented by Stillwell (8). In 
other cases the quartz may have been deposited only as repeated 
movements made new openings. The generalization stated by 
McKinstry (15) that fractures formed by shear (as contrasted 
with tensional openings) are apt to be marked by ribbon structure 
is valid for Bendigo. 

The quartz is commonly sheeted, polished, or even crushed by 
later movements. It has not been generally recognized that it is 
also commonly cut by thin veinlets of later quartz of one or more 
generations. Some of these later veinlets occur in systems fol- 
lowing definite directions, and it is significant that these direc- 
tions are ones important in the pattern of folds and faults (e.g. 
shearing directions or the principal tension direction). 


Structure. 


The form of the Bendigo reefs has been described many times. 
Briefly they fall into three categories: (1) “ center-country ” 
reefs approaching the saddle, or more rarely the inverted saddle, 
form and found respectively at the axes of anticlines or syn- 
clines; (2) tabular veins following faults (including backs) ; 
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and (3) “spurs” or spur systems, which are irregular veins 
generally following tensional openings and crossing bedding. 
All types of reefs and most of their contained gold shoots are 
elongated parallel to the crest line of the fold on which they oc- 
cur. In cross-sectional dimensions they are measured in feet or 
tens of feet, but in length in hundreds or thousands of feet. 

The association of reefs, and especially of center-country reefs, 
with faults was mentioned by Dunn (2) and emphasized by Pabst 
(9). It was also discussed more fully from a genetic point of 
view by Stillwell (6). There can be no question but that the 
main pattern of faults was at least initiated before the beginning 
of quartz mineralization, and that it was the dominant control in 
locating the channelways and places of deposition of quartz and 
gold. The new emphasis of this paper is on the recognition that 
folds, faults, “ backs,” and reefs are all integral parts of a single 
mechanical system. Reefs of all kinds are determined by the 
intersection of elements of the mechanical system along lines 
parallel to the crest-lines of the folds, or in other words parallel 
to the intermediate axis of the strain ellipsoid. 

It has been noted above that the formation of faults is largely 
restricted to the axial portions of folds. The commonest point 
of intersection of faults is at the crests of the folds—partly for 
statistical reasons and more especially because of the tendency of 
faults to form at or near the same stratigraphic horizon on both 
sides of a fold. Saddle reefs are commonly formed where an 
earlier reverse fault or “ back” is cut off at the crest of an anti- 
cline by a later and usually stronger fault formed at or near the 
same horizon. As such reverse faults or shears approach the 
crest of a fold, the bedding plane that they follow bends abruptly 
over center. The fault is partly deflected along the bedding plane 
but eventually breaks across the bedding, there being some varia- 
tion in the position of the point where the cross-cutting relation- 
ship begins. As noted by McKinstry (15), the crest of the fold 
is the only place where bedding is parallel to the main tension 
direction, and the influence of this tension is seen in the forma- 
tion of saddle reefs, especially in “ false saddles ” or inner reefs. 
Other features aiding the irregular fracturing of rocks at such 
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Fic. 7 (above). Reef in Monument 
faults. Note how fault on left is drag 
by late movement. 
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intersections are cleavage and radial fissuring. The largest sad- 
dle reefs seem to be connected with faults of relatively large dis- 
placement, but smaller reefs may noi show distinct faults. In 
such cases, however, the same system of strains existed even if it 
did not lead to pronounced faulting. A potential opening existed 
parallel to the main tension direction, and whether it led to 
crumpling of beds beneath a competent sandstone arch or to 
spalling of brittle rocks to fill this potential opening, it provided a 
longitudinal channelway for ore-depositing solutions. 

The intersection of faults close to, but not exactly at the crest 
leads to the formation of one-sided reefs which may simulate 
real saddles, the difference being that there is no folded arch of 
rocks below them. The intersections of faults with backs at 
some distance below center also control the formation of quartz 
shoots on the backs. 

Spurs are tensional openings either related to the tensional 
strain of the main system or to the tensions set up by local sys- 
tems of resultant stresses (Fig. 8). Spur systems are generally 
found where two reverse faults meet away from the crest of a 
fold and most commonly (for reasons not known) in the eastern 
limb of an anticline. Spurs generally cut across bedding, but 
small spurs may follow cleavage in slates, radial fissuring in sand- 
stones, or bedding. There are also transverse nearly vertical 
spurs. 

ORE GENESIS. 
Geological History. 

The geological history of the region including Bendigo can be 
summarized as follows. Lower Ordovician slates and sand- 
stones were deposited upon an unknown basement, possibly of 
pre-Cambrian rocks. Sedimentation of a similar kind continued 
through the Ordovician and Silurian periods and possibly into 
the earliest Devonian. The Ordovician and Silurian rocks are 
involved in close folding along axes striking west of north. 





Fic. 8 (below). Spurs dropping off a back, Nell Gwynne (BML) 
mine. Width of view about eight feet. Spurs show entire absence of 
replacement. 
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Probably during the Devonian there were widespread batholithic 
intrusions of granitic rocks. Some at least of the intrusive 
bodies, including the Harcourt granodiorite south of Bendigo, 
did not reach the elevation of the present surface until folding 
was well advanced, for they truncate the folds abruptly. 

In the Mt. Wills district and elsewhere in Victoria gold-quartz 
veins occur in granite, and in general the mineralization is prob- 
ably later than the intrusions, but there may be considerable di- 
versity in age of the parts of intrusive bodies now outcropping if 
the process of intrusion is looked on as one of long duration. As, 
in cases like Bendigo, the mineralization is more probably related 
to a great underlying magma reservoir than to nearby outcropping 
intrusions, the time relationship of mineralization to outcropping 
batholiths may not everywhere be the same. 

At Bendigo faulting began during the period of folding and 
must have become important before the folds could reach their 
present shape. It is possible therefore that faulting had begun 
before the Harcourt batholith reached its final position truncating 
the folds squarely. The extent of faulting in the granodiorite 
is unknown. The principal faults were established before the 


beginning of quartz mineralization, but, as will be shown below, - 


faulting continued during. mineralization. 

All faulting and mineralization had ceased and the period of 
compression was over by the time the lamprophyre dikes were 
intruded. Lamprophyres cut offshoots of the granite intrusions. 
The dikes have been considered Tertiary, but the view is ad- 
vanced in this paper that they are the last phase of the Devonian 
(?) period of folding, intrusion, and mineralization. 


Relationship in Time of Mineralization and Faulting. 


The dependence of the reefs upon pre-quartz faulting has been 
discussed by Stillwell (6) and others, and is sufficiently obvious 
not to need further proof. Movement on the reverse faults was 
probably intermittent as in earthquakes. Dunn commented on 
the fact that some backs show striations in slightly differing direc- 
tions on different layers and noted the polish and gouge on faults 
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of very small displacement as evidences of oscillatory movement. 
Faults are offset by later faults, which in turn are offset by still 
later ones. In general, consideration of the origin, distribution, 
and nature of the faults leads to the conclusion that movements 
must have recurred on many of them at different times. 

The fault system is plainly older than the quartz mineraliza- 
tion, but there is also much evidence that movements of the same 
kind recurred on some of the faults after the deposition of quartz. 
In places quartz is thoroughly brecciated or polished and scratched 
by these later movements along the fault on which the quartz 
had been deposited. Stillwell mentions that most of the vein 
quartz shows strain shadows. On close examination it is found 
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Fic. 9. Cross-section of Bendigo district (line 4A—-A of Fig. 2). Dip of 
Whitelaw fault and underlying intrusive body hypothetical. 


that much of the quartz is finely veined by a later generation of 
quartz. These late veinlets are commonly parallel to the fault 
along which the body of quartz occurs, but may follow more than 
one direction and are of more than one generation. Spurs that 
cut across laminated quartz have been noted previously. A late 
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generation of fine-grained pyrite has been deposited along cracks 
in the quartz, but this pyrite is later than gold and may not be- 
long to the main period of mineralization. The writer’s ob- 
servation is that veining by later quartz is characteristic of gold- 
bearing quartz. ; 

The quartz bodies themselves furnish arguments for growth 
by successive additions and consequently for renewed faulting. 
This is true of laminated quartz veins also. Most reefs are too 
big to represent open-space filling at one time and, while there is 
evidence for replacement locally, a more plausible view is that the 
reefs grew by small accretions coincidentally with continued com- 
pression and repeated faulting. It is possible that the late quartz 
veins that can be seen are only the last of a succession of such 
veins, but that recrystallization has destroyed evidence of earlier 
ones. 
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Fic. 10. Diagram showing suggested sequence in the structural history 
of the Bendigo district. 


It can be shown positively that reverse faulting of an inter- 
mittent kind preceded quartz mineralization; it can also be shown 
that similar movements occurred on the same faults after the 
deposition of some quartz; and the quartz itself furnishes evi- 
dence of movements during the period of its deposition. On the 
basis of these facts and of inferences concerning the manner of 
formation of the reefs the hypothesis is advanced that faulting 
began and was well advanced before the beginning of the gold- 
quartz mineralization, but that it continued throughout that pe- 
riod and may even have outlived it slightly. The end of reverse 
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faulting preceded the intrusion of the lamprophyre dikes. A 
schematic representation of the sequence of events is shown in 
Fig. 10. 

The occurrence of large reefs of barren quartz on one hand, 
and of narrow but phenomenally rich spurs on the other is evi- 
dence that the most important factor in ore deposition was not 
the volume of solutions that moved through a given channel- 
way. The inconclusive data available suggest that gold and the 
rarer sulphides are associated with later generations of quartz 
and so indicate that the difference in gold content is due to a 
change in character of the solutions at the given point. Opinions 
will vary as to how much this change in character of solutions is 
due to faulting which by changing the pathways of the solutions 
increases or decreases the distance they must travel from their 
source and likewise their opportunities for reactions en route; 
and how much it reflects a change in character of the solutions as 
they leave their original source. 


Distribution of Reef Types and Gold Production. 

At Bendigo, gold-bearing saddle reefs are known only from 
the central part of the district, chiefly on the more productive 
anticlines. The more sporadic outlying production has come 
chiefly from spurry reefs. This fact is also brought out by the 
character of the alluvial gold, which was finer in the central part 
of the district but coarser in the outlying parts, this corresponding 
to the occurren¢e of finer gold in saddle and other bedded reefs 
and of coarser gold in spurs. The large nuggets found in the 
district came chiefly from outlying parts. Still farther from the 
center of the district, to the north, the scattered reefs are large 
masses of white quartz along faults, with gold only near the walls. 

Victorian geologists have pointed out a relationship between 
kinds of reefs and stratigraphical zones of the Lower Ordovician 
as follows: 

(1) The Darriwil beds have so far been uniformly barren. 

(2) The upper beds of the Castlemaine have contained pro- 
ductive fault reefs. Occasional saddle-reefs are known, but pro- 
ductive spurry reefs are more characteristic. 
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(3) The Bendigo horizon has been proved to contain nu- 
merous productive saddle-reefs in addition to productive spurry 
reefs. 

(4) Saddle reefs occur in beds of the Lancefield horizon, but 
there is a tendency towards the occurrence of “ indicator” gold 
(Gepp, Baragwanath, and Stillwell as quoted in (19) ). 

These geologists favor the view that this distribution has a 
genetic significance and indicates that some beds are “ favorable ”’ 
and others “ unfavorable.” The writer believes there is a struc- 
tural rather than a stratigraphic explanation for these relation- 
ships, agreeing in this respect with Harris and Thomas (19), 
who reached a similar conclusion with regard to the broader 
problem of the distribution of goldfields. Within the limits of 
the Bendigo district the relationship of gold production to doming 
is more marked than the relationship of production to strati- 
graphic zones. 

In his description of the Hustlers line (5) Whitelaw noted that 
there is “a cross anticline whose axis has a nearly north and south 
direction diagonally across the field, and it has been noticed that 
where it crosses the several lines of reefs there has been a greater 
deposition of quartz in the form of saddle reefs, and also that 
the reefs are of better quality.” Whitelaw also made the gen- 
eralization that “ saddle reefs in Bendigo recur more frequently 
one below the other along those portions of the anticlinal axial 
lines where a reversal or succession of reverses of pitch obtains. 
Increasing distance from a reversal is generally accompanied by 
a marked decrease in the number of quartz saddles and a com- 
pensating development of quartz in the eastern beds as legs and 
spurs.” 

Relation to Regional Structure. 


Harris and Thomas (19) have pointed out that Victorian gold- 
fields tend to occur in anticlinoria. Their distribution with re- 
spect to areas of granitic rocks should also be considered. The 
rich and important goldfields of central Victoria are in a region 
where the area of outcropping granite is small as contrasted with 
the presumably more deeply eroded parts of eastern Victoria 
and New South Wales. 
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Fig. 9 shows that the most productive part of the Bendigo 
field is a synclinorium near the crest of a major anticlinorium one 
side of which is a reverse fault. 


Source and Channelways of Solutions. 


It can be concluded that the channelways for ore solutions in 
the Ordovician section at Bendigo were intricate pathways of 
fractured rocks along faults, and more especially along the inter- 
sections of faults at or near the axial planes of anticlinal folds. 
Much of the travel of solutions must, therefore, have been longi- 
tudinal with opportunities to rise to similar longitudinal channels 
higher up only where connecting links were formed along fault 
reefs or spur zones. Each anticlinal system seems to have been 
separate with no connection with others, and therefore to have 
stemmed directly from primary channels probably below the base 
of the folded Ordovician section. 

Longitudinal sections of extensively worked anticlines show a 
tendency for reefs or reef zones to recur vertically one below 
another without suggestion of a pitching arrangement of the 
assemblage. A mine that is good at one level is apt to be good 
at deeper levels, but an adjoining mine may be poor throughout. 

This vertical repetition and also the distribution of production 
in plan make it improbable that the source of the ore solutions 
was the outcropping Harcourt batholith, but suggest that the 
source was a separate offshoot of a great underlying regional 
batholith, and that this offshoot lies below the center of the dis- 
trict. The hypothetical offshoot may have been a factor in form- 
ing the anticlinorium of which the goldfield is a part. 

What rocks formed the original basement for the Ordovician 
sediments is unknown. They may have been crystalline pre- 
Cambrian rocks. In any case it is improbable that the basement 
rocks could have been folded in the same close regular pattern as 
the relatively incompetent bedded Ordovician rocks. There 
would then have been a great structural discontinuity at the base 
of the Ordovician rocks during folding, and such a discontinuity 
would present an opportunity for wide-spread igneous intrusion. 
The occurrence of small scattered intrusions throughout the Or- 
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dovician areas of Victoria may be an evidence of such wide- 
spread intrusion. The Ordovician rocks probably now rest prin- 
cipally on intrusives, which in anticlinoria like the Bendigo gold- 
field may approach closer to surface than elsewhere. 

The downward limit of the channelways along each anticline 
and therefore of ore bodies of the type now known is the base of 
the folded Ordovician section. This limit is probably below the 
depth attainable by mining, as to a depth of 4600 feet there has 
been no noticeable change in degree of metamorphism of the sedi- 
mentary rocks. The channelways in the plutonic rocks which 
probably underlie the Ordovician sediments must be faults, and 
it is at places where these primary fault channels crossed or co- 
incided with the anticlinal channel systems that solutions were 
able to rise into the Ordovician rocks. The direction along 
which these two systems of channelways intersect seems to be 
parallel to the zone of domes crossing the field. 
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NATURAL VERSUS ARTIFICIAL TEXTURES OF 
COPPER ARSENIDES.* 


G. M. SCHWARTZ anp A. C. FORSYTH. 


ABSTRACT. 


The copper arsenide minerals present a varied group which 
demonstrates in a conspicuous manner the complexity of natural 
minerals. The copper-arsenic diagram shows the comparatively 
simple results of fusion of copper and arsenic. The contrast 
between the natural and artificial minerals and textures is illus- 
trated by a series of twelve photomicrographs. 


INTRODUCTION. 

Ir 1s well known to the mineralogist and geologist that natural 
minerals and structures may be different from substances of sim- 
ilar composition that have been formed in the laboratory. This 
is not always appreciated by some investigators, particularly by 
those unfamiliar with natural material, who have claimed that 
the occurrence of several phases in a two component system is 
impossible. They are evidently thinking of stability in such a 
system derived, for example, by crystallization from a melt. It 
is logical that the compounds and textures of ores should differ 
from those formed from the relatively simple melts normally uti- 
lized in the metallography laboratory. It has been conclusively 
shown by great numbers of workers that introduced ores are usu- 
ally formed from aqueous solutions at temperatures well below 
the melting points of the common gangue and ore minerals. _Per- 
haps the most positive evidence of this fact is the formation of 
hydrous minerals such as sericite at the time of introduction of 
the ores. 

It occurred to the writers that the copper arsenide group of 
minerals would furnish a good example of the contrast between 
the natural minerals and their textural relations, and the phases 

1 The research on which this paper is based was aided by a grant from the funds 
of the Graduate School of the University of Minnesota. 
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and the textural relations of artificial melts. Since a portion of 
the copper-arsenic constitution diagram on the copper side has 
been worked out, a firm foundation exists for the comparison. 
After part of the work was done, Ramsdell’s * paper appeared and 
some of the points involved were cleared up by his X-ray studies. 

The writers are indebted to Dr. T. M. Broderick for many of 
the specimens utilized in this investigation. All were collected 
in the Keweenaw copper district of Michigan and are the same 
specimens used by Broderick in preparing the discussion in U. S. 
Geological Survey Professional Paper 114. Other specimens 
from the collection of the Department of Geology of the Univer- 
sity of Minnesota were used and these also came from the 
Keweenaw district. 

COPPER ARSENIDES. 


The original copper arsenides were named long before the use 
of polished surfaces of ores and, therefore, names were assigned 
to species that were mixtures of various constituents. In Amer- 
ica the most recent work on the group has been carried on by 
Broderick,* Short,* and Ramsdell,® and has resulted in consider- 
able clarification of the group. Domeykite is a definite mineral 
with the formula Cu;As, and the compound may be easily syn- 
thesized, but Ramsdell has shown that the artificial Cu;As is not 
identical in X-ray pattern with the natural mineral. He showed 
that the natural inverts to the artificial type near the melting point, 
and concludes that Cu;As is dimorphous. 

Algodonite, Cu,As, is considered by Ramsdell to be a definite 
compound unstable at its melting point where it breaks down 
into Cu;As and Cu-As solution. Broderick and Short, however, 
describe two species called @ and 8 algodonite with slightly dif- 
ferent properties. 

2 Ramsdell, L. S.: An x-ray study of the domeykite group. Am. Min., vol. 14, 
pp. 188-196, 1929. 

3 Broderick, T. M., Butler, B. S., and others: The copper deposits of Michigan: 
U. S. Geol. Surv. Prof. Paper 144, pp. 56-58, 1929. 

4Short, M. N.: Microscopic determination of the ore minerals. U. S. Geol. 
Surv. Bull. 825, p. 71, 1931. 

5 Ramsdell, L. S.: op. cit., p. 2 
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Whitneyite, Cu,As, is not a definite compound according to 
Ramsdell, but consists of algodonite and Cu-As solution. Bro- 
derick and Short describe four distinct constituents of whitneyite. 
These are termed a, 8, y, and 8 whitneyite. These vary in color 
from light to distinctly coppery pink, suggesting a variable 
amount of copper, which is presumably responsible for the deeper 
color. It has been suggested that the variation may be due to 
solid solution. 

Broderick believes that the arsenides in the Michigan copper 
district show a definite order of deposition which is invariably 
domeykite, algodonite, whitneyite, native copper. He believes 
the variation within so-called algodonite and whitneyite follows 
this same rule, that is, those of higher copper follow those lower 
in copper. 

It is obvious from these notes that the copper arsenides present 
many problems, some of which it does not seem possible to solve 
with available material. The discovery of much better natural 
mineral material would be of great help. A complete restudy of 
copper arsenides from all known localities along with further ex- 
perimental work seems highly desirable and would doubtless re- 


sult in much clarification of the group. This should be done 


where the physical, chemical and mineralogical points of view 
are represented, as in the work of the Geophysical Laboratory. 


EXPERIMENTAL METHODS. 


All natural copper arsenide specimens available, including a 
standard set loaned by Dr. T. M. Broderick, were polished and 
studied under reflected light. Portions of so-called domeykite, 
algodonite, and whitneyite were selected for analysis and for fu- 
sion. For the synthetic specimens copper filings and arsenic were 
mixed in the proper proportions and sealed in quartz tubes. The 
natural samples selected for fusion were also sealed in quartz 
tubes and the fusions carried out in an electric furnace with tem- 
peratures measured by means of a thermo-couple and potentiom- 
eter. Portions of each fused specimen were annealed at 660°- 
670° C. for 50 hours to study the modifications in texture which 
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might result from slow cooling, a normal condition in geologic 
processes. 

All available arsenides were etched with HNO,(1:1), HCl- 
(1:1), and NH,OH and examined at various magnifications. 
The general conclusion based on these etch tests was that the 
specimens were, if anything, more complex than described by 
Broderick, which contrasts greatly with the two simple phases ob- 
tained from melts. 


ANALYSES OF COPPER ARSENIDE MINERALS. 




















| 1. Theoretical CusAs | 2. Theoretical CusAs 3. Theoretical CusAs 
RNG. 9 =~ | 7h a 71.7 | 82.2 83.5 85.6 88.4 
As. .| 28.1 28.3 16.8 16.5 14.5 11.6 

| | 

100.1 


| 99.2 99.0 








1. U. of M. No. B 381, natural domeykite, Mohawk Mine, Mich. 
2. U. of M. No. B 343, natural aigodonite, Mohawk Mine, Mich. 
3. U. of M. No. B2415, natural whitneyite, Mohawk Mine, Mich. 


Analysts: E. B. Ellestad and A. Willman. 


DISCUSSION OF RESULTS. 


The photographs of polished surfaces are arranged to give a 
direct comparison of the texture of the natural mineral, the fused 
mineral, and a fused mixture of copper and arsenic in the theo- 
retical proportions indicated by the formulas Cu;As, Cu,sAs, and 
Cu,As. 

Two outstanding facts appear in each series, first the close sim- 
ilarity of the structure of the fused mineral and of the artificial 
fusion, second, the striking differences between the natural min- 
eral and the fusions. 

Fig. 1 gives the copper side of the copper-arsenic system 
adapted from the diagram given in Der Aufbau der Zweistof- 
fiegierungen and should be considered in connection with series 
2, 3 and 4 of the microphotographs. 

Fig. 2a is of the standard domeykite specimen used by Bro- 
derick. He states that domeykite is veined and replaced by al- 
godonite. A similar texture seemed to be rather characteristic 
of all the natural domeykite specimens available to us. 
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(a), standard specimen furnished by T. M. Brod- 
erick. Replacement by second constituent is characteristic. 
analyzed domeykite from the U. of Minn. collection (B381), fused in a 
Field is mainly Cu,As with a small amount of eutectic. 
X 200;-(c), synthetic Cu,As, Cu= 71.7, As = 28.3, fused in a silica tube. 
Note similarity to 2b. 
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Fig. 2b shows the texture of domeykite after fusion. This is 
from the analyzed specimen reported above, which shows very 
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Fic. 1. Copper-Arsenic binary diagram. Adapted from, “ Der Aufbau 
der Zweistofflegierungen,” p. 176, Berlin, 1936. 


close to the theoretical composition of domeykite (Cu;As). The 
slight amount of eutectic between the domeykite grains agrees 





Fic. 3. Algodonite: (a), with whitneyite blades and grains—standard 
specimen furnished by T. M. Broderick. Etched with NH,OH. X75; 
(b), analyzed algodonite from the U. of Minn. collection (B343), fused in 
a silica tube. Dark is Cu,As, light is CuAs solid solution. The latter 
was clearly in excess of the eutectic proportion. X 200; (c), fused Cu 
83.5 and As 16.5, the proportions in algodonite. Note the close similarity 
to fused natural algodonite.  X 200. 
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4. 5 
Fic. 4. Whitneyite: (a), furnished by *‘T. M. Broderick. Small 
amount of second constituent, probably copper solid solution. X 120; (0), 
analyzed whitneyite from spec. 4a, fused in a silica tube. Light is CuAs 
solid solution in greater excess than in 2b, dark is GurAs. i X200; (c); 
fused Cu 88.4 and As 11.6, the proportions of whitneyite. The fused 
mineral and synthetic mixture are alike. > 200. 
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fairly well with the indicated composition, but it is evident that 
the texture is the result of a very different process than the tex- 
ture of 2a. 

Fig. 2c gives the result of a fusion of arsenic and copper in 
about the proportions for domeykite. Again a small amount of 
eutectic is present, but much more is shown in the photograph 
than the average of the specimen. The eutectic forms between 
Cu;As and solid solution of arsenic in copper. If the composi- 
tion were exactly in the proportion for Cus;As, a second phase 
should not appear. The exact composition was apparently not 
realized although the proportions were weighed in the theoretical 
amounts. 

The contrast between the natural and fusion texture is more 
striking in the algodonite series. Fig. 3a is from one of Bro- 
erick’s standard specimens, and 3), the fused algodonite, is from 
the analyzed algodonite of the University of Minnesota collection. 

The natural texture is an excellent example of a crystallo- 
graphic intergrowth of two minerals with one mineral in excess, 
forming homogeneous grains and the remainder a crystallo- 
graphic intergrowth with blades of the white mineral oriented in 
the dark ground mass as shown by Fig. 5b. These resemble 
typical unmixing textures and probably formed in that way. 

Figs. 3b and 3c show artificial textures obtained by melting 
natural whitneyite and arsenic and copper in the theoretical pro- 
portions. They are strikingly alike and show grains of copper- 
arsenic solid solution with an eutectic intergrowth of solid solu- 
tion and Cu;As for the groundmass. The substances represented 
by the two phases in 3b and 3c are presumably not identical with 
those of 3a and the texture is in decided contrast. A better ex- 
ample of the contrast between natural texture and that formed 
from a melt would be difficult to imagine. 

Part of the samples 3b and 3c were annealed at 660° to 670° C. 
for 50 hours. Much of the eutectic structure disappeared and 





Fic. 5. (a), Cu 79.0 and As 21.0, the eutectic proportions fused in a 
silica tube. XX 200; (b), algodonite with whitneyite blades. Etched with 
NH,OH. X 150; (c), whitneyite, Mohawk Mine, Michigan. X 125. 
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aggregates of grains developed. In the case of 3c a structure 
more like Fig. 5c was obtained. 

The third series of photographs, 4a, b and c, show essentially 
the same contrasts as that described above. The natural whit- 
neyite used was furnished by T. M. Broderick from his carefully 
selected material. The contrast of 4a with 4b and 4c is obvious 
as is the similarity of the latter two which represent the fused 
natural mineral and the synthetic material. 

Figure 5a was taken from a fused mixture of copper and ar- 
senic in the eutectic proportions; that is copper 79 per cent and 
arsenic 21 per cent. The diagrammatic eutectic texture is evi- 
dent. In all the fusions the dark gray constituent is Cu;As and 
the light is the solid solution of a small amount of arsenic in 
copper, the a of the diagram (Fig. 1). 

This eutectic texture was largely destroyed by annealing for 50 
hours at 660° to 670° C. and subsequent slow cooling to room 
temperature. 


CONCLUSIONS. 


1. The conclusions of Broderick and of Ramsdell seem in gen- 
eral to be confirmed by the present work. Some so-called re- 
placements may be due to unmixing of solid solutions. 

2. Fusion of the so-called minerals domeykite, algodonite, and 
whitneyite produce textures remarkably like those produced by 
fusion of copper and arsenic in the theoretical proportions repre- 
sented by the formulas Cu;As, CusAs, and Cu,As. 

3. The artificial textures are totally unlike any of those in the 
natural minerals except that by annealing a texture approaching 
that found in a whitneyite specimen was obtained. Two phases 
only are obtained from the melt. 

4. Detailed etch tests on all available copper arsenide mineral 
specimens show the presence of at least as many distinct species 
as described by Broderick and by Short: 

5. The natural minerals, with the exception of domeykite, dc 
not correspond to the stability relations represented by the consti- 
tution diagram of copper and arsenic. 
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6. Textures of artificial mixtures resulting from long periods 
of annealing and diffusion seem to more closely approach the tex- 
tures of natural minerals. 

Textures resembling those produced artificially would prob- 
ably indicate high temperatures followed by rather rapid cooling. 

UNIVERSITY OF MINNESOTA, 

MINNEAPOLIS, MINN., 
June 10, 1937. 











SEDIMENTARY DEPOSITS OF COPPER, VANADIUM- 
URANIUM AND SILVER IN SOUTHWESTERN 
UNITED STATES.’ 


RICHARD P. FISCHER. 


ABSTRACT. 

Widely distributed deposits of copper (“Red Beds” type), 
vanadium-uranium and silver, occurring in sandstones and shales 
of Permian, Triassic and Jurassic age, exhibit many common 
features and are thought to have had a similar origin. Min- 
eralization, although mostly discontinuous, is recurrent at certain 
stratigraphic horizons. Commonly the ore bodies are distinctly 
lenticular and in some cases it can be demonstrated that min- 
eralization was restricted to a particular lens. Chalcocite pseudo- 
morphs after plant fossils show undeformed cell structure, sug- 
gesting mineralization previous to deep burial. Geologic struc- 
tures, such as faults and folds appear to be post-mineralization 
and show no genetic relationship to ore deposition. 

This evidence opposes current ideas of mineralization by cir- 
culating meteoric waters or ascending thermal solutions, and it 
is believed that the concentration of the metals occurred at the 
time of deposition of the enclosing sediments. It is suggested 
that these metals may have been concentrated from dilute solu- 
tions by organisms. 
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INTRODUCTION. 

Statement of the Problem.—Widely distributed deposits of 
copper, vanadium-uranium and silver, with lesser amounts of 
other metals, are found in sandstones and shales of Permian, Tri- 
assic and Jurassic age in southwestern United States (Fig. 1). 
These deposits have certain features in common and are thought 
to have had a similar origin. 
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Fic. 1 (left). Map showing the location of the sedimentary deposits 
of copper, vanadium-uranium and silver. The deposits indicated by the 
solid black symbols were studied in the field by the writer. 
Fic. 2 (right). Map showing the location of the copper deposits of 
Permian age in north-central Texas and Oklahoma, and the relation of 
these deposits to Permian stratigraphy. 


The problem of genesis of these ores has attracted considerable 
attention and dispute. Most students agree that they show no 
genetic relation to igneous rocks or hydrothermal mineralization, 
although a few strongly support this hypothesis. Some writers 
have suggested a syngenetic origin, either for a specific deposit 
or for a group, but in general their ideas have not met with ap- 
proval. Many authorities believe that these deposits represent a 
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concentration by circulating meteoric waters of metals which were 
originally widely disseminated in the surrounding rocks. 

The present investigation was undertaken with a view towards 
establishing how large a number of these deposits belong in a 
single class, and in the hope of discovering general characteristics 
that might throw light on their origin. With this in mind many 
cf the deposits in the southwest were visited, and from field ob- 
servations and from the study of literature describing similar 
deposits in many places throughout the world, the writer believes 
that the evidence strongly favors a syngenetic concentration of 
the metals. 

Acknowledgments.—This study was suggested to the writer by 
Professor Edward Sampson, and was supervised and largely 
financed by the Department of Geology of Princeton University. 
Thanks are due to many members of the faculty of the Depart- 
ment of Geology, especially to Professor Sampson for aid and 
encouragement during this investigation and for careful reading 
of the manuscript, and to the late Professor A. H. Phillips for 
certain chemical analyses. 


Field work was done during the summers of 1933, 1934 and 


1935. The writer wishes to acknowledge his appreciation for . 


the courtesies extended him by many individuals met with during 
the time in the field. Special thanks are due to Mr. Blair Burwell 
of the United States Vanadium Corporation, Mr. Frank Wilson 
of Naturita, Colorado, and Mr. S. G. Lasky of the United States 
Geological Survey. 

Production.—Production figures for the copper and for the 
vanadium-uranium deposits are given in Tables I and II respec- 
tively. Hess estimates that “a total of between 1,500 and 2,000 
grams of radium, 5,000 and 6,000 tons of uranium, and 10,000 
and 15,000 tons of vanadium at one time existed in the Morrison 
rocks ” * in western Colorado and eastern Utah. 

Records place production at Silver Reef, Utah (1875-1909) 
at 7,211,463 ounces of silver, having an estimated value of 


2 Hess, F. L.: Ore deposits of the Western States, p. 473. Am. Inst. Min. Met. 
Eng., 1933. 
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TABLE I. 


ESTIMATED COPPER PRODUCTION FROM THE MORE IMPORTANT DEPOSITS 
OF THE “RED BEpDS”’ TYPE. 














| 
ae | Copper | Silver 
District. | (pounds). | Pc (ounces). 
Nacimiento, N.M. (1886—1905)*......... 6,300,000 
Pastura, N.M. (1925-1930)............. | 5,000,000 
Scholle, N.M. (1915-1930)°............. 1,006,068 7,872 
So CENTS 8 ee serene 100,000 | 1,600,000 
| 








* Lindgren, W., Graton, L. C., and Gordon, C. H.: The ore deposits of New Mexico. 
U. S. Geol. Surv. Prof. Paper 68, <" 77, 1910. 

> Lasky, S. G., and Wootton, T. P.: The metal resources of sia = xico and their 
economic features. New Mexico Ge of Mines Bull. 7, p. 68, 19. 

© Idem, pp. 117 and 118. 

4 Idem, p. 86. 


TABLE II. 


ADIUM, URANIUM AND VANADIUM PRODUCTION IN THE UNITED STATES. 
R A, V Pp UNI S s. 























Type of ore. | Radium U30s | Vanadium 
(grams). (pounds). (pounds). 
Carnotite ore (1913—1923)........... a 202 
- EIUEGESSIORS) coos clo lcs oe | 2,000,000% 
= CORE re) sts 1,116,455° 
Vanadiferous sandstone 
Placerville, Colo. (1909—-1923)....... | 3,054,374 
Bete SSOIOs AFOZS F032) ws 6 sos es sees eee 4,256,000 


@ Estimate. » By-product. 


$8,000,000." About 200,000 ounces of silver was produced 
(1913-1918) from sandstone deposits near Eagle, Colorado.‘ 
Stratigraphic Relations—Fig. 3 is a generalized correlation 
chart showing the ore-bearing formations and associated strata 
in the regions of particular interest. As the present investigaton 
developed and it became apparent that these ores were probably 
of a syngenetic origin, a rather comprehensive study of the strati- 
graphy and geologic history of southwestern United States was 
undertaken. The purpose was to determine the possible source 
of the metals and the conditions under which the ore-bearing 
sediments were deposited. Certain important relations that be- 


3 Butler, B. S., ect al.: The ore deposits of Utah. U. S. Geol. Surv. Prof. Paper 
III, p. 586, 1920. 

4 Henderson, C. W.: Mining in Colorado. U. S. Geol. Surv. Prof. Paper 138, 
P. 47, 1926. 
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came apparent from this study will be referred to later on, though 
space does not permit the presentation of the primary data. 


COPPER DEPOSITS. 


Advance Summary.—Copper deposits of this group, generally 
designated as the “ Red Beds ” type of copper deposit, are found 
in Oklahoma, Texas, New Mexico, Colorado, Arizona, and Utah. 
They occur typically in sandstones and shales of Permian and 
Triassic age, and are generally restricted to certain stratigraphic 
horizons. The lithology and color of the ore-bearing sediments 
vary from place to place. Distinct lenses are common in the ore- 
bearing beds, and in places it can be shown that mineralization 
has been restricted to a single lens. Chalcocite is the most com- 
mon primary ore mineral and occurs as disseminations in the 
sandstone, as nodular masses in shale, and as pseudomorphs after 
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fossil wood. There is no apparent genetic relation between the 
original concentration of copper and any geologic structure, such 
as faults or folds, that may have formed a possible channel for 
solutions circulating across the beds. 


Ore Deposits. 

Stratigraphic Relations Mineralization, though rarely con- 
tinuous over wide areas, is generally restricted to certain strati- 
graphic horizons. 

Permian copper in north-central Texas is found in the Wichita 
and Clear Fork groups and in the San Angelo formation at the 
base of the Double Mountain group (Fig. 2). Horizons in this 
region were not recognized with sufficient accuracy to demon- 
strate that any group of the deposits shown in Fig. 2 occur at a 
single stratigraphic plane, but it is thought that locally such a 
relation may exist. Richard states: ° 

The copper deposits may be noted as arranging themselves in a parallel 
fashion to the general northeast strike of the underlying Carboniferous 
and occurring at particular horizons. These horizons are seen to be at 
or near the lines of contact dividing the Double Mountain, Clear Fork, 
and Wichita divisions of the Permian. 

All Permian copper deposits in New Mexico seen by the writer 
occur in the lowest arkosic bed of the Abo formation, with the 
single exception of a deposit in the Chupadera formation near 
Las Vegas. A typical section of the lower part of the Abo for- 
mation in the Sacramento district and a section of equivalent beds 
in the Scholle district are given below. 


Section of the Lower Part of the Abo Formation at the Stewart- 
Holmes Mine, Sacramento District, Otero County, N. M. 


Top Feet 
10. Shale and fine-grained sandstone “ Red Beds” .............. —_ 
Gr maAnUSLONC, ATKOSIC) COATSC-OTAINE v0.0.4 cictscsivc oe cle eb eiwres cles 10 
Cal ret) LSD OR ARSE Oe eS ee eae eh ce coer 10 
Pe RERUSINC.- AUROSIC: MASSIVE: ¢ .,.,4:,00.0<9 5 sles scccs.o seuwee oees 6 
6. Shale, red, with thin sandstone lenses .............0-2ecee0: 10 
5. Sandstone, arkosic, coarse-grained, massive and cross-bedded; 

EG IR OPAUESE NOPRSOW «S655 5005/05. os onesies ce eaalee 20 


5 Richard, L. M.: Copper deposits in the “ Red Beds” of Texas. Econ. Geol. 
vol. 10, pp. 649 and 650, 1915. 
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4. Mostly covered, probably red shale with quartz and limestone 


conelomerate inthe dower Part ... 2... 25. ve chee eee ne 60 
QV LIMeSLONE, PEAY, MOGMAL<\5 ccc es csc sca ae rcs etre se sce 8 
2. ‘Limestone conglomerate with shale and sandstone lenses, 

TOSS HTS eC SMe Wn SSA 545 3A A aan 25 
1. Limestone, gray, massive, cliff-forming (Magdalena-Pennsyl- 

“PILATES OB es SASS So Ain Soars oS SS RRS ae Se eC aac Sea - 


Stratigraphic Section at the Abo Mine, Scholle District, 
Torrance County, N. M. 


Top Feet 
GS SanGStOMe ind Sneak EG BOGS os 5.515. iccisibie'n ew o'o.0 0319 0 200 + 
4. pahdstone, light brown, Hine erained . ov... ke eee eee 10 
Be PATKOSE) COATSE ANG WOVENIOTAIAEG 6. si.) 0)5 5 sis aims le a!cis,a:cinlee ties 3 0-8 
2. Arkose, conglomeratic to fine grained, with lenses of sandy 
SHAIE= Ste COP e-DEGIANG ENS. sce sc ia\ele oasis sisia.cit ob 60 c.00 5 0-10 
1. Sandstone and shale, red-brown, fine grained; lies on Mag- 
Be Ay (er) mais LONG ae ee ers inis Solas sol ana Sine wie 305s 6 ac bbepena’s 60 = 


In the Sacramento district mineralization is essentially con- 
tinuous for a distance of 6 miles south of the village of High 
Rolls. Practically the same stratigraphic relations are present in 
the Estey district in Lincoln County. Here the eastward dipping 
Abo formation outcrops three times, being repeated by faulting. 
Copper is present at the outcrop in each case and in one belt has 
been traced for more than 4 miles.° 

The Tecolote district southwest of Las Vegas occupies a con- 
siderable part of western San Miguel County. Copper is widely 
disseminated in the Abo formation in this region. Mineraliza- 
tion occurs in the arkosic sandstone that overlies Magdalena lime- 
stone and underlies “ Red Beds.” 

In the Zuni Mountains the Abo lies directly on pre-Cambrian. 
Schrader * states that copper is found in the lower 30 to 60 feet 
of sediments which consist of conglomerate, grit, sandstone, marl, 
and shale. Mineralization is reported more or less throughout 
an area of a half a square mile. According to Schrader, the cop- 
per found in the grit “has the appearance of having been de- 

6 Turner, H. W.: The copper deposits of the Sierra Oscura, New Mexico. Am. 
Inst. Min. Met. Eng. Trans., vol. 33, pp. 678 and 679, 1903. 


7 Schrader, F. C.: The ore deposits of New Mexico. U. S. Geol. Surv. Prof. 
Paper 68, p. 139, 1910. 
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posited synchronously with the enclosing sediments and to have 
been derived like them from the pre-Cambrian mass.” * 

Copper deposits of the “ Red Beds” type are present in Tri- 
assic sediments in Utah and New Mexico, and a similar deposit 
occurs in Idaho.* In Utah the Shinarump conglomerate is the 
principal ore-bearing formation; and is the mineralized horizon 
at the Big Indian mine” and the deposit in Lisbon Valley and 
possibly the deposits in the White Canyon, all in San Juan County. 

The Poleo sandstone, considered the equivalent of the Shina- 
rump, is the Triassic ore-bearing formation in north-central New 
Mexico. ‘The largest recorded production from deposits of this 
type has come from the west flank of the Sierra Nacimiento, 
where mining activity has been concentrated in two areas about 
ten miles apart." The Poleo here is composed of a basal con- 
glomerate, 1 to 40 feet thick, overlain by about 50 feet of white 
sandstone and about 50 feet of brown sandstone and conglom- 
erate. The copper occurs in the lower 20 to 40 feet of the for- 
mation. Similar relations were found north of Abiquiu, and are 
reported to be present at two localities at the north end of the 
Sierra Nacimiento.”* 

Considerable production has come from a deposit in the Santa 
Rosa sandstone near Pastura, New Mexico. This sandstone oc- 
curs in the Dockum group, “ near or at its base . . . and may pos- 
sibly be an eastern extension of the Shinarump conglomerate.” ** 

Lithology—rThe copper-bearing sediments are mostly sand- 
stones, generally coarse grained and in places conglomeratic. In 
New Mexico the deposits of Permian age are associated with 
remarkably fresh arkoses. Shales are interbedded with the cop- 
per-bearing beds in places, notably in Texas and Oklahoma. 

8 Idem, p. 139. 

9 Gale, H. S.: Geology of the copper deposits near Montpelier, Bear Lake County, 
Idaho. U.S. Geol. Surv. Bull. 430, pp. 112-121, 1910. 

10 Butler, B. S., ect al.: The ore deposits of Utah. U. S. Geol. Surv. Prof. Paper 
III, p. 614, 1920. 

11 Lindgren, W., Graton, L. C., and Gordon, C. H.: The ore deposits of New 
Mexico. U. S. Geol. Surv. Prof. Paper 68, pp. 143-147, 1910. 

12 Jdem, pp. 147 and 148. 


13 Darton, N. H.: “ Red Beds” and associated formations in New Mexico. U. S. 
Geol. Surv. Bull. 794, p. 28, 1928. 
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Plant remains are generally, but not universally, present. Frag- 
ments of vertebrate bones were noted in a few deposits, commonly 
with fine grained conglomerates. These sediments are of ter- 
restrial or brackish water origin and accumulated under local and 
rapidly changing conditions. Calcite is commonly the cement of 
the ore-bearing sandstones, but in places gypsum is abundant. 

Color.—In a strict sense the name “ Red Beds ”’ type of copper 
deposit is a misnomer; the ores occurring generally in beds that 
are light brown, white, or gray, rather than red. However, as 
the term is one of general usage and designates a particular type 
of deposit, and as the rocks associated with the ore-bearing beds 
are commonly red, it seems desirable to retain this name. 
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Fic. 4. Detailed geologic map of a copper-bearing lens in Pawnee 
County, Oklahoma. 


Lenticular Nature of the Copper-béaring Sediments.—Field 
studies have revealed that mineralization is in places restricted to 
a single lens. This feature is by no means everywhere apparent, 
but it is sufficiently common to be of significance. Four good 
examples will be noted. 
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Figure 4 shows a detailed map of a deposit near Lela, Pawnee 
County, Oklahoma. The copper-bearing bed, bed No. 2, is a lens 
or channel deposit not over 2 feet thick that visibly pinches out 
along the present stream bed. It contains limestone pebbles, con- 
siderable plant material, and some vertebrate bones in a matrix of 
coarse sand. Mineralization appears to be restricted to this bed. 
Chalcocite is the earliest copper mineral and occurs as small 
nodules and as pseudomorphs after wood. 
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Fic..5. Sketch of a copper-bearing lens in Hardeman County, Texas. 


Figure 5 shows an unusually well-defined copper-bearing lens 
in the southeastern part of Hardeman County, Texas. Again 
chalcocite is the earliest copper mineral, occurring as nodules in the 
sandstone and shale and replacing plant material. No chalcocite 
or plant fossils were found in the rock adjacent to the lens. 

A similar but somewhat larger lens is found in the north-central 
part of Foard County, about 10 miles southwest of the deposit 
just described. Country rock consists of thin beds of white 
gypsiferous sandstone and nodular gypsum interbedded with red 
shale. The copper-bearing lens is composed of massive, highly 
cross-bedded, coarse white sandstone. It is about 20 feet thick, 








g16 RICHARD P. FISCHER. 


200 to 300 feet across, and can be traced for more than a half mile. 
Chalcocite forms nodules and pseudomorphs after plant material 
in the lens. 

The ore at the Abo mine near Scholle, New Mexico, is re- 
stricted to a lens of arkosic conglomerate in the lower part of the 
Abo formation (see previous stratigraphic section). This lens 
is roughly circular in outline and about 300 feet in diameter, and 
rises slightly from the floor of a small valley. There are about 
two dozen prospect pits within a thousand feet of the mine, but no 
copper minerals were found in any of these nor was any copper 
seen in the exposures along the valley walls. Two miles west of 
the Abo mine a coarse arkose at the same stratigraphic position is 
mineralized, and other deposits are reported elsewhere in this 
general region. 

Evidence in other localities suggests an equal restriction of 
mineralization to lenses, although generally it is not as easy to 
demonstrate this feature as in the deposits just described. 

Mineralization.—Chalcocite is the principal ore mineral and 
occurs as pseudomorphs after wood, as nodules in shale and shaly 
sandstone, and as disseminations or irregular replacement masses 
in sandstone. Small amounts of bornite and chalcopyrite are 
present in places and are replaced generally by chalcocite. Pyrite 
is common but not abundant, occurring as pseudomorphs after 
wood and as nodules and replacement masses in sandstone. In all 
cases observed it is the earliest metallic mineral and is commonly 
more or less replaced by the copper sulphides. Small amounts of 
sphalerite were noted at several localities and considerable 
galena,’* with some sphalerite occurs with the copper in the Sacra- 
mento district, New Mexico. 

Covellite, “copper pitch”? and the copper carbonates are the 
common alteration products of the chalcocite. Native copper 
and cuprite were seen by the writer only. at the Big Indian mine 
and at the deposit in Lisbon Valley, San Juan County, Utah. 

14 To the writer’s knowledge this is the only “ Red Beds” type of deposit in the 
United States that contains an important amount of lead. Copper deposits of this 


type, with more or less lead, are fairly common over a large part of western Europe. 
Lindgren, W.: Mineral deposits, p. 405, 1933. 
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Native copper has been found in Permian rocks in Garfield 
County, Oklahoma.*° 

Chalcocite pseudomorphs after fossil wood are the most strik- 
ing and characteristic feature of these deposits. These pseudo- 





Fic. 6 (left). Chalcocite pseudomorph after fossil wood. Chalco- 
cite (light gray) fills the cell interiors and cracks in the wood. The cell 
walls in this particular specimen are largely replaced by “copper pitch.” 
X 65. 

Fic. 7 (right). Pyrite pseudomorph after fossil wood. Pyrite 
(white) fills the cell interiors and cracks in the wood; chalcocite (light 
gray) occupies the space between the pyrite grains and has largely re- 
placed (?) the cell walls, remnants of which can be seen in places. The 
cells seen in the upper left hand corner of the Fig. were evidently partly 
rotted and crushed at the time of pyrite mineralization. X44. (Speci- 
men from the 1,200 foot cross-cut in the Ady Cupb mine, Sacramento 
district, New Mexico.) 

15 Haworth, E., and Bennett, J.: Native copper near Enid, Oklahoma. Geol. Soc. 
Am. Bull., vol. 12, pp. 2-4, 1901. Reiter, A. F.: Present status of copper mining in 
Garfield County, Oklahoma. Univ. of Oklahoma Bull. (Proc. Oklahoma Acad. Sci., 
1910-1920), New Ser. 220, p. 67, 1921. 
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morphs commonly show undeformed cell structure. In the best 
examples found, chalcocite occupies the cell interiors; the cell 
walls being unreplaced carbonaceous matter or replaced by “ cop- 
per pitch” (Fig. 6). Few authorities have recognized the sig- 
nificance of this. David White, however, states: *° 

I wish to stress the fact . . . that where there is replacement of plant 
stems and branches by sulphides or silica the replacement occurred, almost 


or quite contemporaneous with deposition, and before the stems had been 
macerated and flattened under a few hundred feet of superposed strata. 


Newhouse “ concludes that the iron sulphide pseudomorphs after 
plant material in coal beds are syngenetic for the same reason. 

It must needs be concluded that the chalcocitized wood was re- 
placed by some mineral at the time of, or shortly after, burial. 
Silicified and calcitized wood, associated with these ores in places, 
is never replaced by chalcocite. On the other hand, pyrite is in 
some cases the first mineral associated with these pseudomorphs, 
and is replaced to a greater or less extent by chalcocite (Fig. 7). 
In some cases, however, it is likely that the chalcocite directly re- 
placed the wood. Newhouse’** presents evidence that strongly 
suggests a colloidal origin for the syngenetic iron sulphides he 


studied. It seems likely that the copper sulphide found with plant - 


remains also originated as a colloid, though there is not sufficient 
evidence at hand to justify stressing this point. Be this as it may, 
the logical conclusion is that the chalcocite mineralization occurred 
at the time of deposition of the sediments or shortly thereafter, 
and it appears that the process of deposition in this case was 
largely that of filling of cavities or cell interiors in the wood. 
Flattened and carbonized wood (coaly matter with cell structure 
broken down or destroyed) is common in these ores, and this 
material seldom shows replacement by chalcocite, though in some 
cases the sandstone adjacent to this material is mineralized. 

Chalcocite nodules or concretions are found generally in shales 
or shaly sandstones. They are mostly éomposed of solid chalco- 

16 White, D.: Discussion. Am. Inst. Min. Met. Eng. Trans., vol. 76, p. 386, 
1928. 

17 Newhouse, W. H.: Some forms of iron sulphide occurring in coal and other 


sedimentary rocks. Jour. Geol., vol. 35, p. 79, 1927. 
18 Idem, p. 80. 
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cite, replaced to some extent by the alteration products, but re- 
sidual pyrite or fragments of fossil wood are present in the center 
of some of these masses. Newhouse ** describes similar concre- 
tions of iron sulphide in shale and suggests a syngenetic origin. 

The irregular replacement masses of chalcocite in sandstone 
probably represent migration and local reconcentration of copper, 
possibly at a relatively recent date. Chalcocite has replaced prin- 
cipally the cement of the rock but also to some extent the detrital 
minerals. Pyrite or carbonized wood may be the precipitating 
agent in places, but commonly no nucleus of deposition is ap- 
parent. In places chalcocite occurs in veinlets along fractures or 
joints. These features are thought to result from rearrangement 
of the copper within the mineralized beds. 

An interesting suite of unoxidized ore was collected from the 
Ady Cupb mine in the Sacramento district, New Mexico, where 
an incline extends down the dip of the ore-bearing bed. A cross- 
cut, about 1,200 feet from the portal and more than 500 feet 
beneath the surface, was examined in some detail. The incline 
was flooded a short distance below this cross-cut. 

The ore consists of pseudomorphs of wood, of nodules in shale, 
and of fine disseminations in the cement of the arkose. Pyrite is 
the most abundant mineral in the plant replacements and occurs 
in the intercellular and intracellular spaces and in cavities in the 
original material (Fig. 7). Remnants of the cell walls are com- 
monly apparent. Chalcocite has replaced the pyrite to some 
extent. Chalcocite is the main mineral in the nodules. Residual 
masses of pyrite and sphalerite are present, however, and the 
chalcocite has been veined and replaced to some extent by bornite. 
The disseminations in the arkose consist of isolated grains of 
chalcopyrite with some bornite and sphalerite. 

The ore minerals are fresh, and no oxidized minerals were 
noted except films of malachite stain along cracks in the coaly 
matter. It is believed that this occurrence offers the only oppor- 
tunity to study unoxidized ore of the “ Red Beds” type in the 
United States. 

19 Tdem, p. 81: 
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Relation of Mineralization to Faulting. —Faulting in the neigh- 
borhood of deposits of this type was observed at the following 
localities: Sacramento district, Estey district, Abo mine, in the 
Tecolote district, in Arroya Cobre north of Abiquiu, on the west 
flank of the Sierra Nacimiento, all in New Mexico, and at the Big 
Indian mine in Utah. Mineralization is restricted to a particular 
horizon at each locality, and there appears to be no special relation- 
ship between faulting and the ore deposits. Faults that cut min- 
eralized rock were seen at three of these localities. Oxidized and 
secondary copper minerals have developed along these structures 
to some extent, but the faults had no apparent effect on the origi- 
nal concentration of copper except to displace the ore-bearing 
horizon. 


COPPER DEPOSITS THAT MAY OR MAY NOT BE RELATED TO THE 
‘RED BEDS ” TYPE. 


There are a few copper deposits associated with the sedimen- 
tary rocks of the southwest that may or may not be related to the 
“Red Beds” type of mineralization. Certainly they do not ex- 
hibit the characteristics of this group. These deposits are not 
shown on Fig. 1. 

Deposits in Northwest Arizona.—Several low grade copper de- 
posits are found in the Redwall (Mississippian) and Kaibab ( Per- 
mian) limestone of the Grand Canyon region.”® Personal ob- 
servations are limited to a brief investigation of the deposit near 
Jacobs Lake (described by Jennings *°), but the decriptions of the 
other deposits show clearly that they are all related. 

The ores consist principally of copper carbonates and chryso- 
colla. Jennings found a little earthy cuprite, copper glance and 
chalcopyrite at Jacobs Lake, and Emmons and Waesche report 
massive chalcocite in the deposits on the south rim of the Grand 
Canyon. The common gangue minerals are absent. These de- 

20 Emmons, S. F.: Copper in the Red Beds of the Colorado Plateau region. U. S. 
Geol. Surv. Bull. 260, pp. 221-232, 1905. Jennings, E. P.: The copper-deposits of 
the Kaibab Plateau, Arizona. Am. Inst. Min. Met. Eng. Trans., vol. 34, pp. 839- 
841, 1904. Waesche, H. H.: The Anita copper mine. Grand Canyon Nature 


Notes, vol. 7, no. 11, pp. 108-112, Feb. 1933. Waesche, H. H.: The Grand View 
copper prospect. Grand Canyon Nature Notes, vol. 8, no. 12, pp. 250-258, 1934. 
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posits are associated with brecciated or fractured zones. Each 
writer considered the possibility of hydrothermal mineralization, 
but discarded this theory on the absence of evidence of igneous 
activity in the region; and each concluded that mineralization re- 
sulted from meteoric waters descending along fractured zones, 
assuming the copper to have been leached from the overlying 
Triassic beds which to the north of this region (as at Silver Reef, 
Utah) are known to carry some copper. 

Deposits very similar to these are found in the Beaver Dam 
Mountains in southwest Utah.” 

Other Deposits—In the Cimarron Valley region of northeast 
New Mexico and the adjacent part of Colorado a little low-grade 
copper mineralization is associated with sandstone plugs and 
dikes.” In the northwest part of Okfuskee County, Oklahoma, 
a small deposit of copper occurs in sandstone along a normal fault 
of small displacement. Both of these localities were visited by 
the writer. These deposits simply do not fit into the picture and, 
though there is not enough evidence to definitely determine their 
origin, it seems likely that the mineralization at these two locali- 
ties was accomplished by circulating meteoric water. 


DEPOSITS NOT RELATED TO THE “ RED BEDS” TYPE. 


Certain copper deposits in the southwest have been classified 
with the “ Red Beds” type of mineralization that obviously are 
not related. One of these, the deposit at the Cashin mine, Mont- 
rose County, Colorado, and several similar deposits in this gen- 
eral region have already been described by the present writer ** 
and will not be further discussed here. A deposit at Bent, Otero 
County, New Mexico, has been described by Graton.** He con- 
cluded that mineralization was accomplished by ascending ther- 

21 Butler, B. S., et al.: The ore deposits of Utah. U. S. Geol. Surv. Prof. Paper 
IIT, PP. 594-597, 1920. 

22 Parker, B. H.: Clastic plugs and dikes of the Cimarron Valley area of Union 
County, New Mexico. Jour. Geol., vol. 41, pp. 38-51, 1933. 

23 Fischer, R. P.: Peculiar hydrothermal copper-bearing veins in the north- 
eastern Colorado Plateau. Econ. GEot., vol. 31, pp. 571-599, 1936. 


24 Lindgren, W., Graton, L. C., and Gordon, C. H.: The ore deposits of New 
Mexico. U. S. Geol. Surv. Prof. Paper 68, pp. 187-190, 1910. 
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mal solutions and sugested a relationship between this deposit 
and certain deposits of the ‘“ Red Beds” type in New Mexico. 
The present writer visited the deposit at Bent and agrees with 
Graton that it is probably of hydrothermal origin, but does not 
believe that it is related to the “ Red Beds” type. The ore at 
Bent consists of veins of chalcocite with some chalcopyrite, 
bornite, and pyrite, along joints and faults in a sill (?) of diorite 
porphyry. Dolomite and barite form the gangue. The sand- 
stone above the porphyry at the mine is highly chloritized, and 
carries some disseminated chalcocite, but this rock was not mined. 


VANADIUM-URANIUM DEPOSITS. 


Advance Summary.—The vanadium-uranium deposits include 
the carnotite and the vanadiferous sandstone ores of Colorado 
and Utah. Workable deposits are restricted to three formations, 
namely ; the Shinarump conglomerate, the Entrada sandstone, and 
the Morrison formation; and in limited areas the deposits are 
restricted to certain horizons within these formations. The ore 
bodies are commonly lenticular. The mass of the ore is dis- 
seminated in sandstone, but the richest ore is associated with plant 


remains. Clay galls and thin shaly seams, rich in vanadium, are . 


features common to many, of these deposits. These ores show 
no apparent genetic relation to geologic structures such as faults 
and folds. 


Deposits in the Shinarump Conglomerate. 


The only important deposit in the Shinarump conglomerate, 
that at Temple Rock on the San Rafael Swell, Utah, was not 
visited by the writer but is well described by Hess.” For this 
reason this deposit will not be discussed in the present paper. 
However, attention should be called to the fact that in some re- 
spects this deposit is unique, although the conclusions of Hess, 
which are clearly stated, indicate that there is no cause to modify 
the hypothesis of origin of these deposits in general here to be 
presented. 

25 Hess, F. L.: Uranium-bearing asphaltite sediments of Utah. Eng. and Min. 


Jour.-Press, vol. 114, pp. 272-276, 1922. Ore deposits of the Western States, pp. 
456-459. Am. Inst. Min. Met. Eng., 1933. 
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Ls) 


b 
oO 
Deposits in the Entrada Sandstone. 


The two important deposits of vanadiferous sandstone are 
found in the Entrada formation, one in the Placerville district 
and one near Rifle, Colorado. They are similar in character but 
differ in some respects from the carnotite deposits in the Mor- 
rison formation. The ore-bearing bed in the Placerville district 
has heretofore been classified as the lower sandstone of the “ La 
Plata formation” of Cross, a term which has been discarded 


““ 


recently in favor of the formational name “ Entrada.” *°  Like- 
wise, the ore-bearing sandstone at Rifle has previously been clas- 
sified as “* McElmo ”’ ** or “ Morrison,” ** but on the basis of the 
stratigraphic studies of Baker, Dane and Reeside ** and personal 
communication from Mr. Dane, the present writer believes that 
correlation with the Entrada is justified. 

Deposits in the Placerville District——The Placerville district 
lies on the eastern edge of the Plateau province. The rocks of 
the region consist of flat-lying sediments, a few laccolithic masses 
of diorite porphyry, and numerous basic dikes, ranging from 3 
to about 10 feet in thickness (Fig. 8). High-angle normal 
faults of small displacement are common. Vein deposits of low- 
grade copper, gold, silver, lead, and zinc, accompanied by calcite, 
barite, and quartz, have been prospected in places. These veins 
follow faults or fractures and are undoubtedly of hydrothermal 
origin. 

The Entrada formation, ranging in thickness from 35 to 70 
feet, is composed of white or light-colored fine grained sandstone. 
Massive, cross-bedded sandstone in the lower part of the forma- 
tion suggests eolian deposition, but the upper part of the forma- 
tion was undoubtedly deposited by water. Ordinarily the sand- 


26 Baker, A. A., Dane, C. H., and Reeside, J. B., Jr.: Correlation of the Jurassic 
formations in parts of Utah, Arizona, New Mexico, and Colorado. U. S. Geol. 
Surv. Prof. Paper 183, 1936. 

S 


27 Burwell, B.: Mining methods and costs at the vanadium mine of the U. 
Vanadium Corp., Rifle, Colorado. U.S. Bur. of Mines, I. C. 6662, 1932. 

28 Hess, F. L.: Ore deposits of the Western States, p. 470. Am. Inst. Min. Met. 
Eng., 1933. } 

29 Ob. cit. 
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stone is poorly cemented and friable, but the formation is well 
exposed in this region and forms steep bare slopes. 
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Outcrop of V-bearing ss. Outcrop of Cr-bearing ss. 
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Basic dikes ~ Diorite porphyry 
Fic. 8. Map of the Placerville district, showing the outcrops of the 
vanadium- and chromium-bearing sandstones, and the location of the 
measured stratigraphic sections shown in Fig. 9. 


The vanadium-bearing sandstone lies generally about 10 or 12 
feet below the basal Morrison limestone. A light green sand- 
stone, generally found a few feet below the vanadium-bearing 
sandstone, contains a finely disseminated chromium mineral (Fig. 
9g). Fig. 8 shows the outcrops of these beds. It seems likely 
that before the formation of the present stream valleys the vana- 
dium- and chromium-bearing sandstones formed fairly continuous 
belts, elongated in a northwest-southeast direction. The vana- 
dium belt lies east of the chromium belt but overlaps it to some 
extent. The present writer does not agree with Hess who says: * 

30 Hess, F. L.: Ore deposits of the Western States, p. 459. Am. Inst. Min. Met. 
Eng., 1933. 
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The thinning edges of the lenses (of vanadium) are enclosed in a 
lighter, brighter green (chromium-bearing) sandstone that extends longi- 
tudinally a considerable distance beyond the vanadium deposits, and may 
be above or below, or both above and below, other parts of the vanadium- 
bearing sandstone. 


The vanadium-bearing mineral is disseminated in the sand- 
stone, imparting to the rock a dull greenish-gray color that dark- 
ens as the vanadium content increases. Thin shaly seams, rich in 
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Fic. 9. Measured stratigraphic sections of the Entrada formation in 
the Placerville district, showing the vanadium and chromium horizons. 
The locality of each section is shown by the numbers on the map, Fig. 8. 


vanadium, are commonly found with the ore, and in general min- 
eralization diminishes in amount outward from the shaly material. 
Carnotite is present in small amounts. Carbonaceous matter has 
not been recognized in the ore. 

The vanadium ore generally occurs in lenses that are bounded 
above and below by shaly seams (Figs. 10-12, 14). The upper 
seam facilitates mining as the ore breaks away from the barren 
rock above, and this seam is responsible for the undulating sur- 
face that forms the back of the stopes in the mines. Disseminated 
vanadium in the sandstone above this surface dies out within an 
inch or two. The shaly seam at the bottom of the ore is not often 
seen due to the practice of under-cutting the ore, and it may be 
that it is not as common as the seam above, but it is apparent in 
places. Shaly seams may also occur within the ore. The ore 
lenses are mostly convex upward (Figs. 10, 11, 12, 14). It is 
difficult to explain this inverted form of these lenses as a primary 
depositional structure, but it is a very common feature in these 
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Fics. 10 AND 11. Photograph and sketch of a small vanadium-bearing 
lens in the Placerville district. 
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bodies. Also, the shaly seams unquestionably represent thin shale 
layers along local unconformities. 

The vanadium ore in the lenses appears to be of fairly uniform 
grade, although it generally decreases in tenor away from the 
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Scale, feet 
Fic. 12 (upper). Sketches showing the inverted nature of the 
vanadium-bearing lenses, Placerville district. 
Fic. 13 (lower). East-west cross-section through the Rifle mine, 
showing ore bedding (after B. Burwell). 


shaly seams. The ore is said to average between 2 and 3.5 per 
cent V:O;. The shaly seams are much richer; a sample analyzed 
by the late Professor A. H. Phillips contained 17.96 per cent 
V.0;. It appears that the ore “ makes” only where shaly seams 
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are present. Passing laterally from the ore-bearing lenses, the 
vanadium-bearing sandstone generally thins to a foot or less. 
Shaly seams are rarely present and mineralization is lean. Al- 
though the horizon is fairly constant and persistent the minera- 





Fic. 14 (upper). Flashlight photograph of the thinning edge of an 
ore lens. Remnants of the shaly seam that is found on the upper surface 
of the lens can be seen near the timber. 

Fic. 15 (lower). Photomicrograph of the vanadium ore, Placerville, 
Colorado. X 110. 


lized sandstone does not in all cases follow the bedding and cross- 
bedding planes as might be expected. 
The vanadium ore mineral at Placerville is generally stated to 
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be roscoelite, the vanadium mica.*' It occurs as an aggregate of 
very minute flakes, filling the interstitial space between quartz 
grains. Commonly the flakes stand normal to the sand grains 
(Fig. 15). 

The chromium-bearing mineral, considered by Hess to be mari- 
posite,” occurs finely disseminated in massive sandstone and lies 
generally 5 or 10 feet below the vanadium. It is remarkably 
persistent, but locally the limits of mineralization are not clearly 
defined and no criteria for the localization of the chromium has 
been found. In places this mineral may be disseminated through 
several feet of sandstone and elsewhere may occur in two poorly 
defined layers, separated by a few feet of barren sandstone. 

A hand specimen of some of the greenest chromium-bearing 
sandstone contained 0.36 per cent Cr.Q;.°* No vanadium was 


‘found in this material, either chemically or spectrographically. 


To the writer’s knowledge no chromium has been found in any 
recorded analyses of the vanadium ore, and none was found in 
the samples worked on during the present investigation. 
Whatever the nature of the vanadium and chromium minerali- 
zation, it preceded the intrusion of the basic dikes and the faulting 
in all cases observed. The mineralized beds where cut by dikes 
show no alteration except for a slight silicification of the sand- 
stone within a few inches of the igneous rock. Likewise, there 
is no trace of vanadium or chromium minerals along the observed 
fault planes except for a breccia or gouge derived from the min- 
eralized beds. It is interesting to note, however, that calcite 


31 This determination is based largely on 


a chemical analysis of the ore by 
Hillebrand. 


Optically this mineral does not resemble roscoelite—birefringence is 
about 0.025 +, the indices probably lie somewhere between 1.61 and 1.65, the inter- 
ference color is normal and generally of the first order yellow to blue. Hillebrand 
undoubtedly recognized these optical characteristics, stating that the mineral has a 
chloritic aspect. (Hillebrand, W. F., and Ransome, F. L.: Carnotite and associated 
vanadiferous minerals in western Colorado. Am. Jour. Sci., vol. 10, pp. 120-144, 
1900.) 

32 This mineral occurs in extremely minute flakes. Optical studies by the present 
writer have not given entirely satisfactory results so far but it appears that the 
indices of this mineral are considerably lower than those of mariposite, and possibly 
the birefringence is also lower. 

33 Prof. A. H. Phillips, analyst. 
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mineralization has been abundant along many of these fault 
planes, the calcite acting as a cement for the breccia. The lac- 
coliths and dikes near the village of Vanadium are dated as Mio- 
cene by Cross and Larsen.** The age of the faulting has not been 
determined, but in one case at least it can be shown that faulting 
was older than intrusion. 

Deposit near Rifle—The Rifle mine of the United States 
Vanadium Corporation is located on East Rifle Creek, about 12 
miles northeast of Rifle, Colorado. A section of the beds ex- 
posed in the vicinity of the mine is given below. Bed No. 1 is 
interpreted to be Dolores or equivalent, and Beds No. 2 and 3, 
Entrada.* Bed No. 5 and possibly bed No. 4 belong to the 
Morrison formation. 





Stratigraphic Section at the Vanadium Mine of the U. S. 
Vanadium Corp. near Rifle, Colorado. 


Top Feet 
5. Typical Morrison assembly of red and gray shale with inter- 
Herder SAN asvone e cecRceiee esha sols owale es Acie Sips sib lase ed wrsisep 100 
4. Dandstone:sprows; GUI -DeGded: o..0.5 sets oes 5s creo de sobre wna 10-15 
3. Sandstone, white, fine to medium grained, massive and strongly 
cross-bedded; weathers to a rounded cliff ................ 100 


is) 


. Sandstone, white to buff-colored, fine to medium grained, 
strongly cross-bedded; weathers to a vertical cliff—the ore- 
DEGrIN”G “OLE. 2.0 so chee SES SNe eS EARS ean to ee 20-40 

1. Sandstone, massive, very fine grained, brownish-red 


The ore-bearing bed, bed No. 2, is composed of highly lenticu- 
lar and cross-bedded sandstone, the lenses and cross-bedding hav- 
ing a remarkably constant souti.east dip. The ore in the mine 
follows the bedding. Burwell’s ** description of the ore bodies 
is illuminating. He says: 


The immediate formations make up a lenticular assembly of sandstones, 
impure limestones, and clays which fill a structural basin or depression in 
the Permian Red Bed surface. Overlapping sandstones were built out 
into the depression from the northwest. The ore sands, or vanadium- 

34 Cross, W., and Larsen, E. S.: A brief review of the geology of the San Juan 
region of southwestern Colorado. U. S. Geol. Surv. Bull. 843, Pl. 1, 1935. 

35 Confirmed by personal communication with C. H. Dane. 

36 Burwell, B.: Mining methods and costs at the vanadium mine of the U. S. 
Vanadium Corp., Rifle, Colorado. U. S. Bur. of Mines, I. C. 6662, p. 2, 1932. 
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bearing sandstones, occur as fairly uniform, cross-bedded lenses, covering 
areas from 300 to 700 feet long and from 200 to 600 feet wide, with a 
thickness varying from a few inches to 30 feet. (See Fig. 13.) 

Mr. Burwell believes that the Rifle deposit was formed as a 
deltaic deposit of vanadiferous sands.** From the information 
at hand, such a hypothesis appears logical. 

The ore-bearing sandstone is dark gray, resembling the ore at 
Placerville. Small clay galls are present in places in the Rifle ore 
and commonly films of shaly material lie along the cross-bedding 
planes. As at Placerville, mineralization appears to be most in- 
tense adjacent to this shaly material. The ore mineral at Rifle 
is similar to, if not identical to, the vanadium-bearing mineral at 
Placerville. Carnotite is present in small amounts. Small grains 
of copper and silver sulphides were found on the concentrating 
tables at the Rifle mill; ** a fact that is interesting as these two 
metals also occur with vanadium near Eagle, Colorado, about 50 
miles east of the Rifle deposit.*° 


Deposits in the Morrison Formation. 


Carnotite deposits in the Morrison formation are widely scat- 
tered, extending from northwest Colorado and northeast Utah 
south to northeast Arizona and west to the Henry Mountains. 
Special attention will be given to the deposits in the important 
carnotite region of southwest Colorado, and in the adjacent part 
of Utah. The largest production of these ores has come from 
this region, and herein lie the largest reserves. Many of the ac- 
cessible deposits elsewhere have been visited by the writer, and 
they differ only in minor details from the deposits to be discussed. 


The Southwest Colorado Region. 

The limits of this region are rather poorly defined; extending 
from the village of Gateway in Mesa County south through Mon- 
trose County to the McIntyre district in San Miguel County, a 

37 Burwell, B.: Oral communication. 

38 Idem. 

39 Hess, F. L.: Ore deposits of the Western States, p. 455. Am. Inst. Min. Met. 
Eng., 1933. 
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distance of about 50 miles, and with a maximum east-west width 
of about 20 miles. The ore in Dry Valley, San Juan County, 
Utah, is similar in occurrence and stratigraphic position to the 
deposits in Colorado. 

Stratigraphic Relations ——Measured stratigraphic sections of 
the Morrison formation in this region are shown in Fig. 16. The 
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Fic. 16 (upper). Measured stratigraphic sections of the Morrison 
formation in the southwest Colorado carnotite region and in Dry Valley, 
Utah. (Sections 2 and 6 are after R. C. Coffin.) 

Fic. 17 (lower). Carnotite workings on the Club group of claims, 
Montrose County, Colorado. The heavy broken line, indicating the ap- 
proximate outline of intense vanadium mineralization, was sketched on 
the map by Mr. Burwell. (Courtesy of Blair Burwell and the U. S. 
Vanadium Corporation.) 
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Morrison can be divided into two parts; the lower half con- 
sists of massive lenticular beds of sandstone with interbedded red 
and gray shale, the upper half of variegated shales and thin beds 
of sandstone, conglomerate and a little limestone. The principal 
ore horizon occurs in the persistent sandstone bed that marks 
the top of the lower half of the formation. This bed is identical 
in lithology to the underlying sandstones, but clearly more per- 
sistent in occurrence. In places in this region carnotite is found 
lower in the formation but rarely occurs in economic quantities.*° 

Ore Deposits—tThe principal ore-bearing bed forms a promi- 
nent bench in this region, a factor which has made possible the 
outlining of the ore bodies cheaply by drilling. Much of the ore 
worked to date has come from within 20 or 25 feet of the surface 
of this bench, and was mined from the cliff face by adits or from 
the bench by inclines. In places, however, the ore lies near the 
surface of this bench and is mined by open cuts. 

The ore follows the bedding and consists generally of a single 
mineralized level, though in places two or even three levels have 
been found.** These levels may or may not coalesce. 

Mine maps and mining methods suggest a “ spotty ” character 
of mineralization, and much emphasis has been placed on this 
feature by those adhering to the idea of mineralization by cir- 
culating meteoric waters. According to Blair Burwell,*’. however, 
assays show that vanadium is distributed more uniformly than 
uranium along the mineralized horizon. He stated that when 
the vanadium assays are plotted and the limits of the vanadium 
ore determined, the form of the mineralized body resembles a 
stream deposit in nearly all cases (Fig. 17). It will be pointed 
out later that the mineral carnotite is a secondary mineral, and all 
evidence shows that uranium is relatively mobile in ground waters, 
whereas there is little or no evidence of important migration of 
vanadium. 


40 Coffin, R. C.: Radium, uraniutn and vanadium deposits of southwestern Colo- 
rado. Colo. Geol. Surv. Bull. 16, p. 157, 1921. - 

41 Hess, F. L.: Ore deposits of the Western States, Fig. 8, p. 469. Am. Inst. 
Min. Met. Eng., 1933. 

42 Oral communication. 
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The Ore——The ore contains vanadium and uranium; vanadium 
being several times more abundant than uranium. Carnotite 
(K,0.2U0;.V:0;.3H:O) is the most conspicuous mineral and 
the important source of uranium. Little is known of the min- 
eralogy of the vanadium content of the ore. The ore is accom- 
panied generally by clay galls, thin shale lenses or shaly seams 
and plant fossils. The fossils consist of carbonized material that 
is commonly mineralized, and of logs and branches that are 
largely petrified. 

The mineral carnotite is a secondary mineral and all evidence 
points to a considerable movement of the uranium content of the 
ore by ground water. Carnotite occurs disseminated in the 
porous sandstone, as coats along fractures and joints, and as 
““pseudomorphs ” of the plant material. These “ pseudomorphs ” 
are not believed to be true replacement in most cases, however, 
but are thought to represent a filling of cavities resulting from 
the disintegration of the plant material. No case of true replace- 
ment of the plant material by carnotite has been observed by the 
writer. 

Much of the ore associated with the plant fossils was phenom- 


enally rich. The following description is quoted from Hess: *. 


On the Dolores claims on the north side of San Miguel River two miles 
above its mouth were two large petrified logs, one of which was estimated 
by J. I. Mullen, mine manager of the Standard Chemical Co., to average 
4 feet thick and was 100 feet long; the other was 3 feet thick and 75 feet 
long. The two logs yielded 105 tons of ore containing 1.75 grams of 
radium, then worth $175,000; 13,650 pounds of U,O, worth $27,300, and 
9,400 pounds of vanadium worth $28,200; a total gross value of $232,900. 

On the Cracker Jack claim on Calamity Gulch, a log 80 feet long and 
about 2 feet thick, a smaller log 18 inches thick, 30 feet away, and the 
sandstone between yielded 180 tons averaging 5.65 per cent U,O,, 2.6 
grams of radium and 8 per cent V,O, having a gross value of $350,000, 
probably the most valuable logs ever known. 


Such “bonanzas” are rare but it is to be expected that these 
features should attract attention, perhaps to an undue extent. It 
is the writer’s opinion that the genetic rdle of the plant material 
in these ores has been over-emphasized. Carbonized plant ma- 


43 Hess, F. L.: Ore deposits of the western States, p. 467. Am. Inst. Min. Met. 
Eng., 1933. 
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terial, in appearance identical to that found with the ore, is com- 
monly noted in the mine workings above and below the ore, and 
this material generally shows no trace of mineralization. Plant 
fossils may or may not be as abundant in the non-mineralized 
sandstone as in the ore, but they are present and show no min- 
eralization. Coffin ** found evidence of plant material in all parts 
of the Morrison formation except the lower 100 feet. 

Vanadium occurs principally disseminated in the sandstone, 
coloring the rock a dark gray, or absorbed in the clay galls and 
shaly seams. The vanadium is richest in the shaly material and 
decreases in amount away from it, as in the ore bodies at Placer- 
ville. 

Three types of disseminated vanadium ore were recognized and 
may be described as: (1) massive disseminated ore, (2) banded 
ore and (3) spotted ore. These types, which grade into one an- 
other, were noted in the ore at Placerville and Rifle. The first 
type consists of rather uniform disseminations in the sandstone, 
generally associated with shaly seams or lenses of clay galls. In 
the second type the “ bands”’ commonly follow the bedding or 
cross-bedding planes, but in many places cross these planes, sug- 
gesting migrations outward from the point of original concentra- 
tion. The “spots” are so erratically distributed and irregularly 
shaped that they could not have resulted from primary deposition 
but also represent migration and local concentration. In places 
small clay galls may form the nucleus of these “ spots.” 

The sandstone adjacent to the disseminated vanadium is com- 
monly quartzitic, due to a partial cementation of the sand grains 
by quartz. This may be especially pronounced in the sandstone 
surrounding the vanadium “ spots.” The sandstone containing 
the disseminated vanadium, on the other hand, shows little or no 
cementation by quartz, and it appears that the cementing solutions 
were not able to penetrate into the ore-bearing part. Carnotite 
is commonly disseminated in the quartzitic sandstone, in places 
forming halos around the vanadium “ spots.” 


44 Coffin, R. C.: Radium, uranium and vanadium deposits of southwestern Colo- 
rado. Colo. Geol. Surv. Bull. 16, p. 94, 1921. 
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The clay galls associated with the ore are black, brittle, and are 
mostly a half-inch or less in cross-section. The larger clay galls 
are black and brittle only in the outer part, the center consisting 
of red or gray clay-shale, identical to the shales interbedded with 
the sandstone. The blackness and brittleness of the clay galls is 
thought to have resulted from absorbed vanadium, and apparently 
the vanadium was able to penetrate into the shale only a quarter 
or a half an inch. Clay galls are common in all the Morrison 
sandstones, and it appears that the clay galls in the ore differ from 
the non-mineralized clay galls only in the absorbed vanadium. 
In places mineralized lenses of clay galls may pass laterally into 
barren clay galls or thin beds of clay-shale. 

Ore Bodies.—The ore bodies are commonly distinctly lenticular, 
but where lenses coalesce, mineralization may be reasonably con- 
tinuous for several hundreds of feet. In places mineralization 
may not extend laterally beyond the lens itself, or a single ore 
body may be separated from near-by ore bodies by barren sand- 
stone. In plan the lenses are circular, oblong, or irregularly 
shaped; no particular orientation or arrangement has been noted. 
In cross section the ore lenses commonly appear inverted ; 7.¢., con- 
vex upward. The upper surface of the ore is generally marked 


by a thin shaly seam that forms the undulating surface so com- 


monly seen in the back of the mine stopes. The undulations are 


in the form of “ swells ” and “ basins,” rather than “ ridges ”’ and 
“troughs.” They appear to be without system or orientation. 
In places the lower limit of the ore lenses is marked by a similar 
surface, though this feature is not commonly observed due to the 
practice of under-cutting the ore. Coffin’s * description of an ore 
body in the Club Camp suggests such a surface. He states: 

The deposit was more than 450 feet long, about 60 feet wide, and from 
1 to 4 feet thick. Throughout these limits the ore was continuous and 
rested on an undulating surface whose depressions were not more than 4 
feet deep. 

The shaly seams accompanying the ore are mostly less than a 
quarter of an inch thick. They commonly truncate the bedding 

45 Coffin, R. C.: Op. cit., p. 160. 








of th 
form 
to th 


place: 
shaly 
or th 

In 
bodie 
not b 

Re 
gion 
trave 
uplif 
relati 
circu 
the ¢ 
like | 
to su 

Ce 
state 

Or 
gener 
perio 
withi 
Faul 
place 
of th 
ore | 
viou 
poin 
exar 

46 | 
vol. 1 
Idem, 

47 J 
III, ] 

48 ( 

49 ( 





and are 
ry galls 
isisting 
ed with 
galls is 
varently 
quarter 
orrison 
er from 
1adium. 
lly into 


iticular, 
ly con- 
~ 
lization 
igle ore 
n sand- 
egularly 
1 noted. 
.€., CON- 


marked 


so com- 
ions are 
es’ and 
ntation. 
_ similar 
ie to the 
f an ore 
tes: 

and from 


uous and 
re than 4 


s than a 


bedding 





DEPOSITS IN SOUTHWESTERN UNITED STATES. 937 


of the underlying sandstone, obviously representing local uncon- 
formities. Vanadium is disseminated in the sandstone adjacent 
to these seams and commonly diminishes outward from them, in 
places within a few inches. Laterally these seams may pass into 
shaly, vanadiferous sandstone and thence into barren sandstone, 
or they may pass into a highly mineralized lens of clay galls. 

In these general respects the ore bodies are similar to the ore 
bodies in the Placerville district. Mineralization, however, may 
not be quite as uniform or persistent. 

Relation of the Ores to Folds and Faults-—The carnotite re- 
gion of southwest Colorado and the adjacent part of Utah is 
traversed by several northwest-southeast trending folds and domal 
uplifts, thought to be salt structures.*® Butler ** has suggested a 
relationship between deposits of this general group and artesian 
circulation which possibly was established as favorable beds along 
the crests of the anticlines were exposed. The present writer, 
like Coffin,** finds no evidence in the southwest Colorado region 
to substantiate this suggestion. 

Coffin *® recognized two periods of faulting in this region and 
states : 

Ore deposition occurred before one, and probably before both of these 
general periods. Secondary changes have taken place since or during the 
periods of faulting, but results have been generally confined to changes 
within the ore bodies. 

Faulting of the ore-bearing bed was observed in a number of 
places by the writer, and in no place did the original concentration 
of the metals appear to be genetically related to the faults. Near 
ore bodies carnotite may be common along these fault planes, ob- 
viously having formed later than the faulting, but it has been 
pointed out that carnotite is a secondary mineral. An interesting 
example of this is found at Roc Creek where a block of Mor- 

46 Harrison, T. S.: Colorado-Utah salt domes. Am. Assoc. Petrol. Geol. Bull., 
vol. 11, pp. 111-133, 1927. Baker, A. A.: Geologic structure in southeastern Utah. 
Idem, vol. 19, pp. 1472-1507, 1935. 

47 Butler, B. S., et al.: The ore deposits of Utah. U.S. Geol. Surv. Prof. Paper 
III, Pp. 157, 1920. 

48 Op. cit., p. 186. 

49 Op. cit., p. 170. 
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rison, approximately a quarter or a half mile wide and a mile or 
more long in an east-west direction, has been down-faulted into 
the Dolores formation, representing a vertical displacement of at 
least 500 feet. Rich and relatively pure carnotite was found 
along the faults, but the ore bedded in the adjacent Morrison 
sandstone resembles in every respect the typical ore found in this 
general region. 
SILVER REEF, UTAH. 


Silver Reef is located in the east-central part of Washington 
County, about 5 miles west of the Hurricane Cliff which marks 
the western edge of the Plateau province. The silver-bearing 
sandstones occur in the Chinle formation, the “ Painted Desert 
formation ” of the early workers. It is not possible to obtain a 
complete stratigraphic section of the Chinle formation at Silver 
Reef. A section measured by Reeside and Bassler near Virgin 
City, about 15 miles to the southeast, is given below. 


Section of the Chinle Formation near Virgin City, Utah 
(after Reeside and Bassler ”°). 


Jurassic sandstone. 


Chinle formation: Feet . 
Shale and sandstone, brick-red; estimated .................... 200 
Sandstone, mauve, cross-bedded, ripple marked, resistant ....... go 
Shale Sad Sana StONe, GOEICKEned vein ctor 2 scc'cje s1e:s <,s/acs ef 19 1014) e 4% oslo 420 


Sandstone, coarse, arkosic, cross-bedded, gray-white and mauve; 
suggests volcanic ash; contains fossil wood. Locally known 


ASHE HOUVET RCCL SSANGSEONES” 5 < sois c\cio oieis 50910 sis0 10 8/0)0.,0/%15 0:0 25 
Shale, “ gumbo,” variegated, bluish gray, greenish, mauve, red, and 

some yellow-brown; contains fossil wood .................. 260 

SPHICKHESS OT OMIMe TOMNnatiONn «5... sis ose sida a oes 995 


Shinarump conglomerate. 


The ore at Silver Reef is found in two massive sandstone beds 
on the northwest flank of a plunging anticline that trends north- 
northeast. These two beds, called the White and Buckeye 
“reefs,” are similar in appearance. Undoubtedly the question 
has arisen in the mind of every geologist and engineer who has 


50 Reeside, J. B., Jr. and Bassler, H.: Stratigraphic sections in southwestern Utah 
and northwestern Arizona. U. S. Geol. Surv. Prof. Paper 129—-D, p. 73, 1922. 
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visited this locality whether these two reefs represent a single bed 
repeated by faulting or two separate and distinct horizons. Con- 
sensus of opinion favors the latter view. A third reef, called 
Butte Reef, contains but little silver and is not well exposed on 
the northwest flank of the fold.” 

The White and Buckeye reefs range from 50 to 80 feet in 
thickness. Three beds or levels of mineralization have been 
recognized in each reef, but all three are not everywhere present. 
The ore is commonly associated with plant remains and clay 
galls, and occurs in irregular shoots that follow the bedding. The 
plant remains consist of silicified logs that carry little or no silver, 
and mats of reedlike or flattened carbonized plant material that 
carry considerable silver. The mineralogy of the ore is simple. 
Above the water table silver occurs as cerargyrite with more or 
less copper carbonates, and in places a little carnotite. It is com- 
monly stated that below the water table silver and copper sul- 
phides occur with some native silver. Newberry” records 4 
analyses that average 0.26 per cent silver and 0.23 per cent 
selenium. 

Production has largely been restricted to the northwest flank 
of the anticline. The Buckeye Reef apparently does not continue 
southwest of Silver Reef, but low grade mineralization in the 
White Reef is reported to extend for more than 20 miles in that 
direction.°* Hess states that ‘at Santa Clara, 24 miles south- 
west of Leeds, silver is said to have been mined in the same sand- 
stone.” °* Newberry reports “that the extension of the sand- 
stones through the unbroken table-lands east of Silver Reef, and 
along the Cedar Mountains as far north as Beaver (about 75 
miles northeast of Silver Reef), all contain silver, though rarely 
more than seven or eight ounces to the ton.” ** Butler states: 


51 Rolker, C. M.: The silver sandstone district of Utah. Am. Inst. Min. Met. 
Eng. Trans., vol. 9, p. 24, 1881. 

52 Newberry, J. S.: The Silver Reef sandstone. Eng. and Min. Jour., vol. 
p. 5, 1881. 

53 Rolker, C. M.: Op. cit., p. 23 

54 Hess, F. L.: Ore deposits of the Western States, p. 454. Am. Inst. Min. Met. 
Eng., 1933. 


31, 


3- 


55 Newberry, J. S.: Report on the properties of the Stormont Silver Mining Com- 
pany, at Silver Reef, Utah. Eng. and Min. Jour., vol. 30, p. 269, 1880. 
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“The most promising locality next to the Leeds district seems to 
be in the vicinity of Virgin City on North Creek.” °° At this 
locality the occurrence of the ore is reported to be the same. 


GENESIS OF THE DEPOSITS. 
Statement of the Problem. 


The origin of these ores has been the subject of considerable 
speculation and much difference of opinion. One attempting to 
establish a satisfactory hypothesis finds himself face to face with 
many difficulties; in part due to the lack of sufficient comprehen- 
sion of the occurrence of these ores, but principally due to the 
lack of sufficient knowledge of the metals to be dealt with. The 
writer's hypothesis of the origin of these deposits is offered, not as 
a conclusion, but as a suggestion. In his opinion this hypothesis 
most satisfactorily fits the facts of the case in the light of our 
present knowledge; or, perhaps more specifically, no other hy- 
pothesis yet proposed satisfies the field occurrence of these ores. 
Previous views may be summarized as follows: 

1. Mineralization by Hydrothermal Solutions—A few stud- 


ents have supported the thesis that these metals were deposited 


by ascending thermal solutions. This idea has not met with 
general approval and in the writer’s opinion there is little sup- 
porting evidence. 

Graton ** favors a hydrothermal origin for some of the copper 
deposits of the “Red Beds” type. The present writer has 
studied the ores at Bent, New Mexico, and agrees with Graton 
that they are probably of hydrothermal origin. This deposit, 
however, does not show the characteristics typical of this group. 
Two other deposits described by Graton, namely; the Estey City 
deposit and the deposits in the Tecolote district, appear to be de- 
posits of the “ Red Beds” type. Hess at one time suggested a 
hydrothermal origin for the vanadium deposits at Placerville, 


56 Butler, B. S., et al.: The ore deposits of Utah. U.S. Geol. Surv. Prof. Paper 
III, Pp. 592, 1920. 

57 Lindgren, W., Graton, L. C., and Gordon, C. H.: The ore deposits of New 
Mexico. U. S. Geol. Surv. Prof. Paper 68, pp. 116-123, 187-190, 201-203, I910. 
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Colorado,** but has recently discarded this idea.** Rolker ad- 
vocated a hydrothermal origin for the silver deposits at Silver 
Reef, Utah. 

2. Concentration by Circulating Meteoric Waters.—This school 
of thought, championed most strongly by Lindgren and Butler, 
is widely accepted at present. The general ideas are stated by 
Lindgren: 

In considering the class as a whole (ores of copper, lead, vanadium and 
uranium in sandstone and shale) it appears that igneous agencies have no 
part in the genesis. The ores are assuredly epigenetic and their uni- 
versal appearance in land or shallow-water beds is significant. In all 
probability these ores have been concentrated by meteoric waters which 
leached the small quantities of metals disseminated in the strata... . Very 
likely these ores have been forming continuously since the establishment 
of active water circulation in the beds. 

Butler * emphasizes a relation between these deposits in Utah 
and anticlinal structures, suggesting that an artesian circulation, 
set up at the time the beds were exposed along the crest of the 
folds, transported and concentrated these metals along favorable 
beds. The metals are thought to have been originally dissemi- 
nated through the sediments, as Lindgren suggests. To one who 
has seen many of these deposits in Utah, Butler’s ideas cannot 
fail to arouse respect. However, because the writer has seen 
many similar deposits in other states, and a few in Utah, not as- 
sociated with anticlinal structures, he believes this suggested 
relationship an accidental one. 

3. Concentration at the Time of Deposition of the Ore-bearing 
Beds—F rom time to time a syngenetic origin has been suggested 
for these ores, but has not been received with general acceptance. 
It is significant to note, however, that the three men who have 
made the most intensive field studies of the vanadium-uranium 


58 Hess, F. L.: Notes on the vanadium deposits near Placerville, Colorado. U 
Geol. Surv. Bull. 530, pp. 142-156, 1911. 


Pies 

59 Hess, F. L.: Ore deposits of the Western States, pp. 455-480. Am. Inst. Min. 
Met. Eng., 1933. 

60 Rolker, C. M.: The silver sandstone district of Utah. Am. Inst. Min. Met. 
Eng. Trans., vol. 9, p. 26, 1881. 

61 Lindgren, W.: Mineral deposits, p. 404, 1933. 

62 Butler, B. S., et al.: The ore deposits of Utah. U. S. Geol. Surv. Prof. Paper 
III, pp. 154-158, 1920. : 
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deposits, namely; Coffin, Hess and Burwell, all postulate a syn- 
genetic origin in one sense or another. 

Though Coffin ®% specifically classifies these deposits as epi- 
genetic, it is believed that his ideas in general conform with the 
term syngenetic as used in this paper. He states: 

The author believes that deposits of carnotite and its related ores are 
due to chemical changes and the transfer of material deposited originally 
with the rock. This material was introduced with the beds at the time 
of their deposition and probably at no great distance stratigraphically from 
the ones in which the ore is now found. 

Again he states: “Since the original deposition the minerals 
have been redeposited by waters which travelled laterally along 
the beds rather than across them.” “ 

In 1914 Hess® first suggested a syngenetic origin for these 
ores. He states: 

. . . Lam led to propose as a working hypothesis for the origin of the 
main carnotite deposits that in the breaking down of the veins just de- 
scribed similar to those, the sulphuric acid formed through the oxidation 
of pyrite and other sulphides combined with uranium, vanadium, copper, 
silver, iron, and possibly chromium minerals of the veins to form soluble 
sulphates which were carried in the shallow sea which existed during La 
Plata (Entrada) and McElmo (Morrison) time and were there diffused 
and brought into contact with decaying organic matter by which the 


sulphates were reduced, the uranium possibly to an oxide or to a combined - 


sulphide with vanadium or copper or both and the vanadium, copper, silver 
and iron to sulphides. Upon the lifting, draining, and aerating of the 
rocks the minerals were oxidized and part of the vanadium formed vanadic 
acid, which combined with uranium and potassium or calcium to form 
carnotite or tyuyamunite. 


Burwell’s ideas are obtained largely by personal conversation 
with him, though his general idea concerning the origin of the 
Rifle deposit is stated in his paper on that mine.*® He believes 
that the ore at Rifle was formed as a deltaic deposit of vanadifer- 
ous sands, and that the carnotite deposits were formed by mean- 
dering, braided streams, the richest deposits probably forming in 


63 Coffin, R. C.: Radium, uranium, and vanadium deposits of southwestern Colo- 
rado. Colo. Geol. Surv. Bull. 16, p. 159, 1921. 

64 Idem, p. 186. 

65 Hess, F. L.: A hypothesis for the origin of the carnotites of Colorado and 
Utah. Econ. GEox., vol. 9, pp. 686-687, 1914. 

66 Burwell, B.: Mining methods and costs at the vanadium mine of the U. S. 
Vanadium Corp., Rifle, Colorado. U. S. Bur. of Mines, I. C. 6662, 1932. 








the m 


sent 
The « 
he re 
must 
J. 
of th 
he st 
these 
basin 
tain | 
dence 
the f 
form 
Sc 
genet 


Beds 


Tl 
—SVi 
occul 
are ] 
epige 
the f 
rence 
lenti 
zatio 
evide 
struc 

67 N 
PP. 4 

68 S 
Eng. ' 

62 J 
Idem, 

70 R 
vol. 1 





a syn- 


as epi- 
vith the 


ores are 
riginally 
the time 
ully from 


ninerals 
y along 


or these 


‘in of the 

just de- 
oxidation 
1, copper, 
m soluble 
uring La 
> diffused 
vhich the 


combined - 


yer, silver 
ig of the 
d vanadic 

to form 


rersation 
n of the 
believes 
nadifer- 
yy mean- 
rming in 


stern Colo- 


lorado and 


the U. S. 


2. 








DEPOSITS IN SOUTHWESTERN UNITED STATES. 943 


the main channels. These channel deposits, in his opinion, repre- 
sent the deposition of vanadium- and uranium-rich materials. 
The original concentration of the metals occurred elsewhere and 
he recognizes that the manner and form of this concentration 
must be considered largely hypothetical. 

J. S. Newberry was the first geologist to study a large number 
of the copper deposits of the “ Red Beds ” type, and in addition 
he studied the deposit at Silver Reef, Utah. He believed that 
these deposits represent a syngenetic concentration of the metals, 
basing his conclusions on the recurrence of mineralization at cer- 
tain stratigraphic horizons, the absence in many regions of evi- 
dence to indicate that mineralization was related to faulting, and 
the fact that the plant fossils replaced by chalcocite show unde- 
formed cell structure.* 

Schmitz, ® Turner © and Richard “ all have postulated a syn- 
genetic origin for certain of the copper deposits of the “ Red 
Beds ” type. 


The Writer’s Views and the Problems Involved. 

The writer suggests that these ores are of a syngenetic origin 
—syngenetic in the sense that the concentration of the metals 
occurred at the time of the deposition of the beds in which they 
are found. The present minerals in all cases are believed to be 
epigenetic. It is thought that this hypothesis alone will satisfy 
the field occurrence of these ores. It would explain the recur- 
rence of mineralization at certain horizons; it would explain the 
lenticular nature of the ore bodies or the restriction of minerali- 
zation to a single lens; and it would explain the absence of any 
evidence of a genetic relationship between the ores and geologic 
structures that might have acted as channels for circulating solu- 

67 Newberry, J. S.: The Silver Reef sandstones. Eng. and Min. Jour., vol. 31, 
pp. 4 and 5, 1881. 

68 Schmitz, E. J.: Copper ores in the Permian of Texas. Am. Inst. Min. Met. 
Eng. Trans., vol. 26, pp. 97-108, 1896. 

6° Turner, H. W.: The copper deposits of the Sierra Oscura, New Mexico. 
Idem, vol. 33, pp. 678-681, 1903. 

70 Richard, L. M.: Copper deposits in the “ Red Beds” of Texas. Econ. GEOot., 
vol. 10, pp. 634-650, 1915. 
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tions. These are points that must be faced by those postulating 
mineralization by ascending thermal solutions or a concentration 
of metals by circulating meteoric waters. 

Similar deposits of copper, with some lead and vanadium, are 
found in many places in the world, notably in western europe and 
in the Permian area west of the Ural Mountains. Lindgren’s 
statement that “‘ There is no reason why the deposits should be 
confined to any particular geological age; but, as a matter of fact, 
almost all of them are in the Upper Carboniferous, Permian, 
Triassic, or Jurassic.” ** carries considerable implications and can 
probably best be explained by the hypothesis to be advanced. 

It is not possible at the present time to give a complete hypoth- 
esis of the origin of these ores. The problems involved will be 
outlined. 

The source of the metals in these deposits is a problem of con- 
siderable importance. The ultimate source is, of course, igneous 
rocks or hydrothermal veins. In the case of the Permian copper 
deposits of New Mexico, Texas, and Oklahoma, it is easy to point 
to the crystalline cores of the near-by late Paleozoic mountains 


which were exposed while the copper-bearing sediments were ac- 


cumulating. On the other hand, in the case of the Triassic cop-- 


per deposits this relation eannot be demonstrated at present and 
available evidence seems to indicate that in general the copper- 
bearing sediments were not derived from near-by uplands of ig- 
neous rock. Hess has postulated that the vanadium-uranium ores 
with their associated metals accumulated in local basins from 
near-by uplands that contained veins or other deposits bearing 
these metals. Studies by the present writer on the distribution of 
the Morrison formation have shown, however, that there were no 
uplands of crystalline rocks within at least 100 miles of the 
southwest Colorado carnotite region when these ores were de- 
posited. This conclusion is clearly born out by the more ex- 

71 For the localities of many of the deposits see W. Lindgren: Mineral deposits, 
PP. 404-405, 1933, and E. S. Bastin: The chalcocite and native copper types of 


ore deposits. -Econ. GEOL., vol. 28, pp. 407-447, 1933. 
72 Lindgren, W.: Op. cit., p. 404. 
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haustive studies of Baker, Dane and Reeside.** These factors 
lead to the conclusion that deposits of this type are not necessarily 
dependent on near-by primary deposits that are rich in the metals 
concerned. 

The mode of concentration of metals is a problem that must be 
explained in the case of all ore deposits. Those postulating a 
syngenetic origin for a particular deposit, however, are faced with 
a question that is inherently peculiar to their thesis, namely, why 
was there a concentration of the metals at the time the ore-bearing 
beds were formed? ‘Two possibilities are obvious: either there 
was an unusual concentration of the metals mechanically or, in 
solution, or geologic conditions were such that they favored an 
unusual concentration from an ordinary amount of metals in 
solution. This question still remains to be answered in connec- 
tion with the syngenetic iron ores. Hallimond ™ favors the latter 
idea for the Jurassic iron ores of England. 

There is no evidence that the metals dealt with in this paper 
were originally deposited as detrital minerals. On the contrary, 
all available evidence suggests that the metals were deposited from 
solution at the time of the accumulation of the sediments or 
shortly thereafter. What were the precipitating agents? 

Time and again the reducing action of carbonaceous matter on 
the metal-bearing solutions has been appealed to both by those 
postulating a syngenetic origin and by those favoring an epigenetic 
hypothesis. However, Bastin has pointed out “that thus far 
there is no experimental evidence that reductions of this sort can 
proceed at ordinary temperatures,” *° although he wisely adds that 
it would be incautious at present to dismiss the possibility of direct 
reduction. He adds that the “ possibility should be recognized 
that this influence may be more largely physical than chemical,” *° 

73 Baker, A. A., Dane, C. H., and Reeside, J. B., Jr.: Correlation of the Jurassic 
formations of parts of Utah, Arizona, New Mexico, and Colorado. U. S. Geol. 
Surv. Prof. Paper 183, Fig. 14, 1936. 

74 Hallimond, A. F.: Iron ores: bedded ores of England and Wales. Great 
Britain Geol. Surv. Mem., vol. 29, 1925. 

75 Bastin, E. S.: The chalcocite and native copper types of ore deposits. Econ. 
GEoL., vol. 28, p. 424, 1933. 

76 Idem. 
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a suggestion that is strongly substantiated by evidence submitted 
in this paper. 

A phase of this problem that has not received due consideration 
is the biochemical effect of organisms, a phase which is obscure 
and little understood at present, but which appears to offer poten- 
tialities. It is well established that organisms have played a role 
of greater or less importance in the formation of the sedimentary 
iron ores (both bog and marine deposits), the Idaho phosphate 
deposits, and perhaps some of the sedimentary manganese de- 
posits. 

The role of organisms in concentrating metals may be either 
direct or indirect. Vanadium has been proved to be present in 


77 


holothurians “* and ascidians, possibly being used as an oxygen 
carrier in their vascular system. Copper is used by some organ- 
isms for the same purpose.** The known presence of copper and 
of vanadium in the blood of certain higher forms of life is in 
itself suggestive that lower forms, bacteria and other micro- 
organisms, may have played a part in the syngenetic concentra- 
tion of these metals.” 


A less direct role by bacteria, but possibly one of importance, 


has been suggested by Hallimond.*° He states: 

The rdle of the ‘iron-bacteria’ in the formation of the iron ores has 
lately received much attention, but it seems likely that this small group 
represents only a fraction of the organisms concerned and that the action 
of the ordinary types of bacteria is of no less significance and of far wider 
extent. 

The scheme of classification adopted, with its chemical basis, in the 
present memoir seems at first sight to indicate little scope for the influence 
of bacteria. The precipitations have throughout been represented as the 
crystallization of various minerals from solutions that had attained satura- 
tion ; indeed the crystalline nature of the rocks as seen in the microsection 
rarely offers the suggestion of anything but a purely inorganic reaction. 

77 Phillips, A. H.: A possible source of vanadium in sedimentary rocks. Am. 
Jour. Sci., vol. 46, pp. 473-475, 1918. 

78 Mellor, J. W.: A comprehensive treatise on inorganic and theoretical chemistry, 
vol. 3, P./S, 1923, 

79 Archangelsky, A. D. and Rozkova, E. V.: On the accumulation of copper in 
sedimentary rocks. Soc. Nat. Moscow Bull., vol. 15, pp. 295-307, 1932 (See 
Chemical Abstracts, vol. 27, p. 3421, 1933). 

80 Hallimond, A. F.: Op. cit., p. 14. 
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Such a system is, nevertheless, not at variance with the theory of bacterial 
action. 4 

... Iron and other inorganic materials may not play a part in the 
structure of the organism itself, but they will be affected in various ways 
according to the products yielded by the organism, so that, for example, 
the reduction of ferric oxide and the production of carbon dioxide in 
quantity may depend entirely on the existence of suitable organisms which 
need not themselves be iron-secreting. The insoluble compounds of the 
inorganic materials are, however, very limited in number, so that the ores 
precipitated cannot present a chemical or mineralogical variety at all com- 
parable with the variety of organisms that may be concerned. 

What Hallimond says for iron may well apply for the metals 
concerned in the present investigation. Little or no direct evi- 
dence of this phase of the problem is available and investigation in 
this field lies beyond the realm of pure geology. There can be no 
doubt, however, but that certain organisms are extremely efficient 
in abstracting and concentrating certain metals from very dilute 
solutions. Two examples may be noted: neither vanadium nor 
iodine can be detected by ordinary chemical methods in sea water, 
yet Phillips ** found that vanadium formed 0.123 per cent of the 
total weight of holothurians dried at 110° C., and in the past 
much commercial iodine has been obtained from iodides which 
have been absorbed by certain sea-weeds.** 

An interesting occurrence of vanadium in British Columbia 
appears to have considerable significance in the present problem. 
The vanadium-bearing rock consists “‘ of a finely banded, siliceous, 
carbonaceous material I to 4 inches thick, embedded between two 
lava flows,” ** thought to be Triassic in age. Chalcocite and 
other copper minerals are found with the vanadium-bearing rock 
and some carnotite is reported along joints in the overlying lava. 
The character and origin of the vanadiferous horizon is described 
as follows: 

In a hand specimen the material of the vanadiferous zone appears to be 
made up largely of more or less wavy, very thin, dark-colored, siliceous 
bands, mostly no thicker than paper, along with some thicker bands and 

81 Phillips, A. H.: Op. cit., p. 473. 

82 Bancroft, W. D.: Applied colloidal chemistry, p. 90, 1921. 

88 Ellsworth, H. V., and Gunning, H. C.: An occurrence of vanadium-bearing 
rock on Quadra Island, British Columbia. Can. Geol. Surv. Summ. Rept., Pt. A 
II, p. 52, 1932. 
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lenses of black carbon, the whole cut in places by minute veinlets of later 
quartz. In thin section the structure appears very complex and confused, 
and in part at least is somewhat suggestive of a colloform precipitate. . . . 

It does not appear possible that this rock could have been originally 
a sandstone or normal clastic sediment. It is suggested that it may have 
been formed of the remains of vanadium-bearing plants or animals, or 
both, having siliceous skeletons, which were gradually deposited on the 
submerged lower lava. When the upper lava flow occurred, covering and 
heating this thin-bedded mixture. of silica and organic matter, the silica 
may have been more or less recrystallized and the volatile organic matter 
driven off, leaving fixed carbon behind. There is also the possibility that 
some of the material may have been originally a chemical precipitate.** 

Ellsworth and Gunning were interested in this deposit ‘ because 
it shows that suitable conditions for the deposition of vanadium 
existed at the time of formation of this deposit in the area where 
it occurs, and though the deposit itself is probably too small to be 
of commercial interest, the possibility of the occurrence of larger 
bodies of the same, or approximately the same, age and strati- 
graphic relationships is indicated.” * 

This occurrence of vanadium is significant to the investigation 
at hand in that it presents a mode of concentration of vanadium, 
and perhaps copper, under conditions which possibly obtained at 
the time of the deposition of the ores in the southwest. If the 
present writer interprets Ellsworth and Gunning correctly, the 


associated lava flows had no genetic significance to the vanadium 


deposit on Quadra Island; the vanadium-bearing rock having 
been “ formed of the remains of vanadium-bearing plants or ani- 
mals, or both, . . . which were gradually deposited on the sub- 
merged lower lava,” probably in a local shallow basin. Such con- 
ditions, without the lava flows, possibly obtained during the depo- 
sition of the ore-bearing beds in the southwest. This, and other 
considerations, lead the writer to offer the following working 
hypothesis : 

The ore-bearing sediments in the southwest are of terrestrial 
origin, probably having formed under flood plain conditions. 
These conditions resulted undoubtedly in the formation of local 
shallow basins from time to time. In these basins lived or were 
deposited certain organisms, probably of the lower forms of life, 


84 Idem, pp. 53 and 54. 
85 Idem, p. 52. 
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that either directly or indirectly concentrated these metals from 
dilute solutions. In all probability the organisms that were re- 
sponsible for the concentration of the vanadium (and uranium) 
differed from those that concentrated the copper and the silver. 
The form in which the metals were originally deposited and con- 
centrated is not known; possibly they were in a colloidal state or 
possibly they were absorbed by certain materials present. With 
the next shift of currents, possibly the next flood, the metal-rich 
materials that accumulated in these basins were swept away and 
redeposited in the beds in which they are now found. 

This hypothesis is in essential agreement with Burwell’s ideas 
concerning the origin of the vanadium-uranium deposits. Both 
ideas were arrived at independently of the other. The present 
writer, however, does not have on hand sufficient evidence to 
postulate that these deposits were formed in distinct channels as 
Burwell suggests. Nevertheless, the writer has a very high re- 
gard for Burwell’s observations and ideas, and it is believed that 
his channel-formation hypothesis merits a most careful scrutiny. 
It would be highly desirable to carry on this investigation in 
connection with mining operations. 


SUMMARY. 


1. Widely spread deposits of copper, vanadium-uranium and 
silver in clastic sediments in the southwest exhibit many common 
features and are thought to have had a similar origin. 

2. These deposits occur typically in Permian, Triassic and 
Jurassic strata; there being a marked concentration of copper in 
the Permian and Triassic, and vanadium-uranium in the Jurassic 
rocks. 

3. Mineralization, though seldom continuous over wide areas, 
is generally found only at certain horizons. 

4. The ore-bearing sediments are commonly lenticular, and in 
places it can be shown that mineralization is restricted to a single 
lens. 

5. Each ore mineral has its own particular habits, but the bulk 
of the ore occurs as disseminations in sandstone. Chalcocite is 
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the principal original copper mineral and occurs as pseudomorphs 
after fossil wood, as nodules and as irregular replacement masses 
in sandstone. Carnotite is the most conspicuous mineral in the 
vanadium-uranium ores and is secondary in habit; occurring in 
the pore spaces in sandstone, along fractures or with plant fossils. 
Vanadium-bearing minerals occur as disseminations in sandstone, 
but mineralization is most intense near shaly seams and clay galls. 
Silver at Silver Reef, Utah, occurs principally as the chloride dis- 
seminated in sandstone, but closely associated with plant fossils 
and clay galls. 

The reducing action of the carbonaceous matter in these ores 
has been appealed to by many writers as the agent of precipitation 
of the metals from solution. Bastin has pointed out, however, 
that this reaction has not been proved to take place at ordinary 
temperatures, and suggests that the effect of the plant material 
may be more largely physical than chemical, a suggestion with 
which the present writer is in full accord. Chalcocite pseudo- 
morphs after fossil wood show undeformed cell structure, sug- 
gesting replacement previous to deep burial or rotting of the 
wood. Rich carnotite bodies are commonly associated with plant 
fossils, but the occurrence in general appears to be more that of 
filling the cavities left on the disintegration of the wood, rather 
than actual replacement. ‘This is in agreement with the secondary 
nature of carnotite. 

6. There is no apparent genetic relation between the original 
concentration of the metals and geologic structures, such as faults 
and folds, that may have served as channels for mineralizing 
solutions travelling across the beds. 

These considerations lead to the suggestion that the concentra- 
tion of the metals must have occurred at the time of the deposition 
of the sediments. The agents and manner of this concentration 
are largely hypothetical. ‘There is no evidence that these metals 
were concentrated as mechanical particles, and it seems reasonably 
doubtful that there was an unusual concentration of these metals 
in solution at the time of the formation of many of these de- 
posits. Therefore, it is suggested that some agent, or agents, 
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highly efficient in concentrating these metals from dilute solutions, 
may have played an important part in the formation of these 
deposits. What the agent or agents were is not known. It is 
known, however, that certain organisms today can concentrate 
certain metals from very dilute solutions. Possibly certain or- 
ganisms, presumably of the lower forms of life for they left no 
direct record of their existence, may have been effective in con- 
centrating these metals in the past. 
DEPARTMENT OF GEOLOGY, 
PRINCETON UNIVERSITY, 
May 4, 1937. 








BOULDER COUNTY TUNGSTEN ORES 
FREDERIC B. LOOMIS, JR. 


ABSTRACT. 


Ferberite, the chief tungsten mineral, occurs in (a), coarse 
textured, drusy veins; (b), stringers with chalcedony and crypto- 
crystalline quartz; and (c), breccia fragments. In (a), ferberite 
coats the walls, and scheelite is in the druses; in (b), ferberite 
likewise encrusts the walls and quartz crusts rest upon it. The 
medial parts are cryptocrystalline quartz and chalcedony that 
contain ferberite largely as mechanical inclusions. Adjacent 
tabular inclusions have their long axes parallel as in flow struc- 
tures. These features suggest a viscous rock-silica mixture at 
least approximating a gel. Bursts of the mixture through the 
quartz-ferberite zone into the wallrock indicate moderate to high 
pressure in it. Presence of chalcedony and wurtzite suggests 
acid conditions at one mineralization stage. 

The breccia-like deposits have ferberite only as inclusions 
derived from the preceding types. Opal and minor cryptocrystal- 
line quartz are the only depositions. The fragments include 
quartz, potash feldspars, and muscovite, but are chiefly sericite 
and minerals of the montmorillonite-beidellite-nontronite series. 
These associated minerals and the general structure of the mass 
suggest that the deposit formed in the upper part of a hot spring 
channel. 


. INTRODUCTION. 
THE tungsten veins of Boulder County, Colorado, have been 
classed as epithermal deposits; however, they.show several un- 
usual features. They have the superficial appearance of a simple 
crush breccia, but close examination discloses features not com- 
patible with this interpretation. Minute structures around the 
breccia-like fragments survived’ fragmentation. Distinct flow 
banding characterizes the fine textured ores. Replacement of 
wallrock and fragments by tungsten minerals appears at many 
places. 
LOCATION AND GENERAL GEOLOGICAL FEATURES. 

The tungsten district lies twenty-five miles west of the city of 
Boulder in Boulder County, centering around the town of Neder- 
land. (Fig. 1.) This is in the rough dissected Front Range 
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Province of the Colorado Rockies with an average elevation of 
8,000 feet. The district is readily accessible by automobile from 
Boulder, but has no railroad service. 
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Fic. 1. Map showing location of deposits. The tungsten district is 





enclosed: by the circle. 


Geologically the tungsten district is at the northeast end of the 
Leadville-Boulder County mineral belt which extends for about 
250 miles from Montezuma County in southwestern Colorado, 
northeastward to Boulder County. This zone is from 100 to 
125 miles wide and includes almost all of the noted mining dis- 
tricts of the state. Pre-Cambrian schists, gneisses, granites, and 
quartz diorite make up two-thirds of the bed rock. Small Ter- 
tiary (?) batholiths, stocks, and dikes of acid to intermediate 
intrusives occupy most of the rest of the area. There are a few 
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small basic intrusions. The nearest unmetamorphosed sediments 
are along the edge of the Front Range, about ten miles east of the 
area under discussion. 


HISTORY AND PREVIOUS WORK. 


Tungsten mining in Boulder County developed rapidly in 1917 
under war stimulus, when about 3500 tons of tungsten con- 
centrates were produced. In 1931 shipments from the area 
amounted to only 200 tons. R. D. George’ described the tung- 
sten ores in 1909, and T. S. Lovering ® reported on the regional 
geology more recently. 

Tungsten ore specimens were collected from the district dur- 
ing the 1936 summer session of the University of Colorado. The 
ore samples come almost entirely from the dumps, since current 
inactivity at the mines prevented underground studies. Most 
of the samples were gathered at the Conger Mine near Nederland 
and at a small mine near Sugarloaf P. O. 


DETAILED DESCRIPTIONS. 


Three types of tungsten mineralization appear in this district: 


1. Coarse textured, banded veins with scheelite and disseminated 


wallrock metallization. 

2. Fine grained chalcedonic veins with ferberite encrusted walls 
and only minor wallrock mineralization. 

3. Breccia-like bodies containing tungsten minerals only in in- 
clusions of the above vein types. 


Ferberite (FeWO,) is the principal tungsten mineral, and schee- 
lite (CaWO,) occurs in minor amounts. The gangue minerals 
are quartz, chalcedony, opal, siderite, sphalerite pseudomorphs of 
wurtzite, and pyrite. The SiO, minerals are chiefly quartz in 
the coarse textured banded veins, chalcedony, and cryptocrystal- 
line quartz in the fine textured variety, and opal with chalcedony 


1 George, R. D., and Crawford, R. D.: The main tungsten area of Boulder 
County, Colorado. Colo. Geol. Surv., 1st Ann. Rept., pp 13-103, 1909. 


> 


2 Lovering, T. S.: Tungsten deposits. Ore deposits of the western states (Lind- 
gren volume) pp. 665-671, Am. Inst. Min. Met. Eng., 1933. 
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in the breccia-like bodies. The dominant wallrock is pre-Cam- 
brian granodiorite ; the veins fray out on entering schist pendants. 


Coarse Textured Veins with Scheelite 


The coarse textured veins are characterized by sucessive en- 
crustations of ferberite, quartz, and scheelite on the walls, and 
the size of the mineral grains is coarser than in the succeeding 
types, ranging from one-hundredth to one-tenth of an inch in 
diameter. The two tungstates occur separately; first, the mono- 
clinic ferberite crystals encrust the walls, and second, the tetrag- 
onal scheelite occupies the central part of the vein, and is separated 
from the ferberite by quartz. (Fig. 2.) 

Ferberite encrusts the vein walls and particles of broken wall- 
rock. Fine points stick out toward the center of the vein. In 
some places ferberite is the only mineral, but most of the veins 
are filled by coarsely crystalline quartz. Euhedral ferberite lies 
within the outer part of the quartz; many crystals are hollow 
with a quartz center. Coarse granular scheelite fills the central 
part of the veins in several places, and in others occur in euhedral 
crystals encrusting the walls of druses. 

The wallrock is replaced by ferberite where siderite is abundant. 
(Fig. 3.) The siderite antedates the metallic mineralization. 
The ferberite replacements follow apparent cleavage planes, but 
are far from complete. 

The sequence of events was initiated by carbonation of the 
granodiorite walls. The earliest metallic mineralization is repre- 
sented by deposition of ferberite crusts in the open spaces and 
granular replacement of the siderite in the walls.. The next stage 
is represented by the coarsely crystalline quartz. Mineralization 
closed with the deposition of scheelite, but without completely 
filling the fissures. The absence of chalcedony and presence of 
abundant coarse quartz and siderite suggest alkaline to neutral 
solutions. The conditions of formation of these lodes are the 
least complex of the three types represented in the district. 
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Fic. 2 (above). Coarse textured tungsten vein. The wallrock (W.R.) 
is encrusted with ferberite (Fer) and quartz (Q) with scheelite (Sch) 
filling the center. Euhedral crystals of ferberite are in the outer part of 
the quartz. Ordinary light. 

Fic. 3 (below). Siderite replaced by ferberite (Fer), which is dis- 
tinctly oriented along cleavage planes in the siderite (C). Quartz (Q) 
is part of the wallrock. Ordinary light. 
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Fine Grained Chalcedonic Veins. 

The fine grained chalcedonic veins are about a tenth of an 
inch to an inch across, and also form fillings in a granite brec- 
cia. They are filled with chalcedony and cryptocrystalline quartz 
recrystallized from it. The walls of the veins are lined with 
combs of fine ferberite crystals. Over these is a thin layer of 
fine grained crystalline quartz, and between these walls is the 
chalcedony. A pronounced flow structure is indicated by in- 
clusions which tend to form “trails” along the sides, and are 
aligned parallel to the walls. The included particles tend to pile 
up at constrictions resembling a log jam across a river. (Fig. 
4.) The ferberite crests sticking out into the veins are rarely 
damaged and the points are broken only in a few instances. The 
tungsten minerals include ferberite along the walls and in tiny 
crystals and fragments throughout the chalcedony, and scheelite 
crystals in the wallrock close to the veins. The chalcedony in- 
trudes the walls of the vein and spreads into the wallrock although 
no continuous fissures are present. (Fig. 5.) The characteristic 
ferberite and quartz lining the veins is missing at these places, 
and the intrusions appear to be due to solution pressure. 

The complete mineral sequence appears in no single vein in 
these narrow stringers, but it is uncommon for more than one 
associated mineral group to be missing at any place. The early 
and late minerals are represented in one vein from the Sugarloaf 
mine. Here the walls of the veins about a tenth of an inch 
across are lined with ferberite having well preserved points. 
Over this is deposited a thin layer of fine crystalline quartz form- 
ing a protecting film over the ferberite points. Disseminated 
through the quartz are ferberite particles. Finally, forming the 
bulk of the vein, are chalcedony and cryptocrystalline quartz in- 
cluding tiny crystals and fragments of ferberite. All particles 
are extremely minute and the flaky form of a large number is 
evident only under high magnification. These flaky particles 
in bands (Fig. 4), have a majority of their long axes subparallel ; 
this arrangement indicates either flow structure or stratification. 
The deflection of flakes about large inclusions and the change of 
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Fic. 4 (above). Fine grained chalcedonic vein. Ferberite (Fer) lines 
the walls in fine combs. Chalcedony and cryptocrystalline quartz includ- 
ing fragments of wallrock and ferberite fill the intervening space. A dis- 
tinct flow band is noticeable, and particles are caught at the constriction. 
X nicols. 

Fic. 5 (below). Intrusion of chalcedony through the vein wall. The 
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the bands from side to side of the vein preclude stratification and 
leave flow as the best explanation offered. Preservation of this 
flow alignment of elongated particles suggests an extremely vis- 
cous mass. The fine grained texture of the quartz and chalced- 
ony matrix suggests that it may have been recrystallized from a 
silica gel charged with inclusions although the concept of a solu- 
tion saturated mud is not discarded totally. In the wallrock are 
small crystals of scheelite apparently formed during the early 
phase of mineralization. By contrast, the breccia veins of this 
locality do not have the early minerals, and the intermediate stage 
is well represented. The fragments are encrusted by a more 
coarsely crystalline quartz, and wurtzite is deposited in and on it. 
Another film of finer quartz covers this zone. Finally, chalced- 
ony and cryptocrystalline quartz, bearing ferberite in fine crys- 
tals and fragments, fill the veins. The ferberite crusts and the 
scheelite in the walls are missing. 

The chalcedonic veins seem to represent a sequence of events 
persisting after formation of the coarse textured types. The 
absence of carbonates from the veins and walls suggests that the 
solutions were becoming more acid. Fine grained quartz, wurt- 
zite, and chalcedony support this interpretation. The ferberite 
crusts, scheelite, and crystalline quartz were deposited from solu- 
tion, and the chalcedony was probably injected as a gel under 
pressure, the pre-deposited quartz protecting the ferberite combs. 
Some ferberite may have been precipitated out of the gel and 
carried along by it. 

Breccia-like Types. 

The breccia-like type has the superficial appearance of an auto- 

clastic breccia, but structures on the surface of the fragments 





“burst ” intrudes both the ferberite (Fer) lined wall and a layer of crypto- 
crystalline quartz deposited earlier than the burst. There is no continuity 





r) lines to the fissure, and the intrusion tails out a short distance from the vein 
includ- wall. Flow of inclusions in the vein towards the burst is indicated by 
A dis- alignment of the particles with their long axes directed towards the burst. 

triction. This appears as linear streaking at low magnification, but many of the 


larger individual particles are readily visible at greater enlargement. 


1. The X nicols. 
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are preserved where they would have been destroyed had this 
been the origin of the pieces. Examination of structures sug- 
gests decomposition of fractured walls as the origin of the frag- 
ments. The particles range in size from larger than one-tenth 
of an inch in diameter to fine grains. An opal matrix surrounds 
the mineral fragments and fragments of the wallrock. The 
tungsten mineral is ferberite occurring solely as inclusions in the 
mass. 

The inclusions in the opal matrix are chiefly pieces of the wall- 
tock and fragments of ferberite veins. They are angular in 
outline, but are all highly altered. The feldspars are changed 
to sericite, and clay minerals of the montmorillonite-beidellite- 
nontronite group are interspersed throughout the mass. 

Ferberite inclusions preserve their original features. The 
comb structure of the fragments appears in crusts of perfectly 
terminated ferberite crystals surrounded by the matrix of the 
breccia-like rock. Ferberite replaces carbonate and even the feld- 
spars of other fragments. The “breccia” itself possesses a 
flow structure; inclusions in the opal sweep around the corners 
of the larger fragments in definite alignment. (Fig. 7.) There 
is no ferberite mineralization in the matrix. Two periods of 
opal deposition are represented; cracks in the opaline and crypto- 
crystalline quartz matrix are filled by an opal of slightly different 
texture and color, and lacking inclusions of altered wallrock. 
Both periods of opal deposition are subsequent to ferberite min- 
eralization. 

These fragments in the breccia-like rock must have been 
“ floated’ into place rather than “ rubbed ” into position. This 
method of arrival would be possible in sandstone dikes, geyser 
tubes, or hot spring channels of ascent. The evidence seems to 
favor a channel of ascent such as the clay of the mud pots de- 
scribed by Allen * in the Yellowstone National Park. The a-in- 
dex of refraction for the clay minerals ranges from 1.53 to 1.58 
which is within the limits of the montmorillonite-beidellite-non- 
tronite series; the minerals also have a small axial angle, the 


3 Allen, E. T., and Day, A. L.: Hot springs of the Yellowstone National Park. 
Carnegie Inst. Washington, Pub. no. 466, 10935. 
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Fic. 6 (above). Enlarged view of area in rectangle of Fig. 5. 

Fic. 7. Breccia-like material, showing flow structure. Comb-quartz 
(Q) is part of a vein fragment included in the opal (Op) matrix with 
pieces of orthoclase (Or), quartz splinters, and flaky alteration minerals 
of the montmorillonite-beidellite-nontronite series (Be). The elongated 
inclusions sweep around the ends of the fragments in smooth curves 
similar to those developed in flow structures. Ordinary light. 
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X-direction sensibly normal to the cleavage, and a negative optic 
sign. This alteration is found only in fragments of the breccia 
or close to the vein walls where solutions are concentrated, and is 
typical of hot spring channels of ascent* at levels below the 
water table. The altered wallrock fragments in the mass were 
evidently sloughed from the edges of the channels and floated into 
place by the ascending opaline solutions. The flow structure 
spacing of the fragments suggests a viscous mass having the 
consistency of mud. 

Spurr ° describes a number of similar structures from this same 
Leadville-Boulder County mineral belt. He visualizes the car- 
rying fluids as aqueo-gaseous solutions left over from the ore 
magmas connected with metallic mineralization. He believes that 
normal escape of these residues of the ore magmas is interrupted 
by a, plastic cover, and the accumulated pressure furnishes the 
force necessary for intrusion. Loss of the aqueo-gaseous car- 
riers allows the mass to solidify as a clastic dike. 

This picture portrays the structural features of the fine grained 
chalcedonic veins, but does not fit the breccia-like types. Flow 
structures around the inclusions in the breccia indicate absence of 
the great volume shrinkage attendant upon escape of the aqueo- 
gaseous carriers. The structure of the breccias demands that 
they have almost their present volume when the carriers ceased to 
be active. This could result from consolidation of a mixture of 
altered fragments and silica gel in an open or weakly obstructed 
hot spring channelway as its activity ceased. 


CONDITIONS OF MINERAL DEPOSITION. 

A general picture of the deposition of the tungsten ores shows 
a situation not unlike that in channelways just below mud pots, 
steam vents, and hot springs in the Yellowstone. The abundant 
carbonate in the coarse textured types indicates that the solutions 
were alkaline, and their texture suggests.that they were slightly 


4 Fenner, C. N.: Bore-hole investigations in Yellowstone Park. Jour. of Geol. 
vol. 44, pp. 225-316, 1936. 
5 Spurr, J. E.: The sand or breccia dike. Ore Magmas, Chapt. 19, McGraw 


Hill Co., Inc., pp. 843-857, 1923. 








more tl 
replacer 
indicate 


peraturt 
chalcedc 
through 
modera 
chemicz 
ing as 
mixturé 
montn 
channel 
and at 
The 
tungste 
tions si 
clay mi 
low the 
overbu: 
present 
the dex 
plane. 
Prol 
channe 
zones, 
of the 
AMI 





optic 
reccia 
ind is 


wv the 
were 
d into 
icture 
g the 


same 
> Car- 
ie ore 
‘s that 
‘upted 
»s the 
S car- 


rained 
Flow 
nee of 
1queo- 
s that 
sed to 
ure of 
ructed 


shows 
| pots, 
indant 
utions 
lightly 


f Geol., 


McGraw 








BOULDER COUNTY TUNGSTEN ORES. 963 


more than saturated. The rarity of carbonate and wallrock 
replacement associated with the fine grained chalcedonic types 
indicates a change in solutions. This change may be due to tem- 
perature or to a change in the pH of the solution. Bursts of the 
chalcedonic and cryptocrystalline quartz centers of the veins 
through the crustified walls suggests that the pressure was at least 
moderate in this type. Finally, the breccia-like types indicate 
chemical decomposition of the walls rather than mechanical crush- 
ing as the origin of the fragments aggregated in the “ muddy 
mixture’ between confining walls. The fine minerals of the 
montmorillonite-beidellite-nontronite series show that this was a 
channel or series of channels of ascent of the hot spring type, 
and at depths not far below the surface. 

The evidence submitted above points toward formation of the 
tungsten ores in this district at very shallow depth under condi- 
tions similar to those encountered in hot springs. The types of 
clay minerals suggest that their formation was probably just be- 
low the meteoric water zone and at moderate temperatures. The 
overburden could not have been greater than that between the 
present surface and the Tertiary Flattop peneplane. Therefore, 
the deposits must be of more recent age than the Flattop pene- 
plane. 

Problems left unsettled by this study are: first, whether the 
channels of ascent are along old shear zones, rejuvenated shear 
zones, or new ones; and second, determination of the exact age 
of the deposits. 

AMHERST COLLEGE, 

AMHERST, Mass., 
July I, 1937. 











A BRIEF DESCRIPTION OF THE PEGMATITES 
SOUTHWEST OF CUSTER, SOUTH 
DAKOTA. 


HELEN STOBBE. 


ABSTRACT. 


This paper describes a recently opened soda-rich feldspar 
deposit, the Big Tom, five miles south of Custer, South Dakota. 
The associated rocks consist of pre-Cambrian schists cut by peg- 
matite and granite dikes. The minerals found are albite, cleave- 
landite, microcline-perthite, quartz, muscovite, tourmaline, beryl, 
amblygonite and columbite. Other commercial feldspar deposits 
in the vicinity are Tin Mountain, Tricky Claims, and the White 
Elephant. The dikes in the region are probably genetically re- 
lated to the Harney Peak granite batholith. Evidence for a 
hydrothermal phase appears absent, and therefore the pegmatite, 
as exposed, may have originated from the fractionation of a 
soda-rich magma. 


THE recent opening of a soda-rich feldspar deposit, known as 
the Big Tom, near Custer, South Dakota, provided an opportunity 
for the investigation of a little known pegmatite locality south- 
west of the Harney Peak batholith. The feldspar itself is of 
especial interest as a commercial product because of its high soda 
content. 

The mine is located, in T4S and R4E, 5 miles S. 61° W. of 
Custer (Fig. 1). It is easily reached by a private road that 
leaves the Custer-Dewey highway about five-and-a-half miles 
from Custer. 

There are several other feldspar claims near Custer, as well as 
Pringle, which is about twelve-and-a-half miles south of Custer. 
Among them are the Tin Mountain claim seven miles west of 
Custer, the Tricky claims north of Pringle, and the White Ele- 
phant mine about four miles north of Pringle (Fig. 1). 
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Fic. 1. Sketch map showing location of the Big Tom and other pegmatite 
mines near Custer, South Dakota. 


GENERAL GEOLOGY. 


The rocks of the region consist of highly folded pre-Cambrian 
schists cut by numerous pegmatite and granite dikes. The strike 
of the schists is approximately N. 35° W., and the regional dip 
varies from S. 40° W. to S. 74° E. The dikes have been in- 
truded along the foliation planes of the schist with which they 
are mostly in alignment. Because of their resistance.to weather- 
ing they project above the enclosing schists. About two thou- 
sand feet N. 25° W. from the Big Tom mine there is a large 
granite mass, known as the Court House Rock, which forms a 
particularly prominent topographic feature. The relationship 
of the dikes in the area is shown on Fig. 2. The Harney Peak 
granite batholith lies about eight miles to the northeast. 

Schist.—The schist is gray, weathers with a brown iron stain, 
and varies within ‘a short distance from a mica to a quartzitic 
variety. One specimen examined under the microscope is com- 
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posed chiefly of quartz and biotite with minor amounts of plagio- 
clase, chlorite, muscovite, and sericite. The schists were prob- 
ably clay and sandy sediments which, while deeply buried, were 
subjected to regional metamorphism. The intrusion of the 
Harney Peak batholith superimposed variable degrees of contact- 
metamorphism upon the earlier dynamic changes. Zeigler * lists 
the many different minerals formed in this rock as the result of 
contact alteration. The schists are generally assigned to the Al- 
gonkian. Paige *suggests that they are “ probably older than 
Keweenawan and younger than lower Huronian and therefore 
may be either middle or upper Huronian.” 

Pegmatite and Granite Dikes.—The region between Custer and 
Pringle contains a large number of both pegmatite and granite 
dikes,* but near the Big Tom the Court House Rock is the only 
dike of the latter type. The pegmatites occur chiefly as dikes, 
which vary in width from a few inches to nearly fifty feet, and 
form prominent ridges having elevations up to thirty feet above 
the surrounding area. They range in length up to nearly a 
quarter of a mile. 

In common with other pegmatites they are coarse-grained and 
have an irregular texture. The chief mineral components of 
the Big Tom are a blue-gray cleavelandite, a pinkish-gray micro- 
cline, and colorless to gray quartz, with smaller amounts of yel- 
low muscovite and black tourmaline. A similar suite also oc- 
curs in the Volcano Lode near the Court House Rock. Mining 
was abandoned at this claim, however, because of the lack of 
commercial quantities of feldspar. Other minerals found at Big 
Tom are beryl, amblygonite and columbite. 

The feldspar found in the majority of the pegmatites is a 
pinkish-gray perthite. Under the microscope inclusions of mus- 
covite and sericite are revealed as occurring irregularly along 

1 Zeigler, Victor: The differentiation of a granitic magma as shown by the para- 
genesis of the minerals of the Harney Peak region,'South Dakota. Econ. GEOoL., 
vol. 9, pp. 267-270, 1914. 

2 Paige, Sidney: U. S. Geol. Surv. Folio No. 219, Central Black Hills Folio, p. 4, 


1925. 


3 Paige, Sidney: Op. cit., p. 5. 
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cleavage cracks and in the larger albite stringers. The stringers 
of albite are irregular and ragged along the edges and do not 
appear to have been guided by the cleavage planes that they tran- 
sect. They are, therefore, believed to be of an exsolution char- 
acter. 

The contact between the schist and pegmatite exposed in Pit 1 
of the Big Tom is locally marked by a finer grained zone con- 
taining black tourmaline (Fig. 3). Another similar contact is 
exposed in a pit at the southeastern end of the Volcano Lode. In 
this dike a band of muscovite several inches wide separates the 
schist from the tourmalinized zone. A similar mica selvage of 
larger dimensions may be seen at the tunnel in the Etta mine at 
Keystone. ‘This is described by Landes * who found, in the Key- 
stone region, a difference in texture and composition near the 
contact which he attributes to quicker cooling. He says, 

Adjacent to the contact the size of grain is relatively small, being about 
the same as that of a normal granite. Also in the marginal zone crystal- 
lization was sufficiently rapid to cause a mineralization more typical of 
the original magma than of the pegmatite which finally results during 
this stage. For this reason there is a concentration of tourmaline or 
muscovite, or both, in the border zones of the Keystone pegmatites. 
Pegau ° reports similar bands in the Virginia pegmatites, where 
garnets, tourmaline, and parallel growth of muscovite and tourma- 
line are adjacent to the pegmatite. “‘ They result from the resid- 
ual juices of the pegmatite reacting with and replacing its wall 
rock.” Another explanation * for the mica selvages has been sug- 
gested; if the crystals are smaller at the schist contact, growing 
larger as they radiate away from it, their development may be the 
result of a fractional crystallization of the pegmatite mass. 

The only granite dike in the vicinity, Court House Rock, is 
mapped ‘ as an outlier of the Harney Peak granite batholith. It 
is a pegmatitic granite containing pink potash feldspar, gray 

4 Landes, K. K.: Sequence of mineralization in the Keystone, South Dakota, 
pegmatites. Am. Min., vol. 13, pp. 526-540, 1928. 

5 Pegau, A. A.: The pegmatites of the Amelia, Goochland and Ridgeway areas, 
Va. Am. Jour. Sci., 5th series, vol. 17, p. 544, 1929. 

6 Shaub, B. M.: Personal Communication. 

7U. S. Geol. Surv. Folio No. 219, Geologic Map of the Central Black Hills. 
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quartz, yellow muscovite and black tourmaline. Megascopic and 
microscopic examination show it to contain microcline, oligoclase, 
quartz, muscovite, tourmaline, sericite, and a small amount of 
apatite. The granite differs from the nearby pegmatites in its 
more uniform composition and texture. In places it is cut by 
muscovite bands and quartz stringers, and contains xenoliths of 
the schist. The sharp contacts of the xenoliths with the granite 
indicate that the temperature of the latter was too low at the 
time of intrusion to bring about any appreciable assimilation. 


DESCRIPTION OF MINERALS FROM THE BIG TOM PEGMATITE. 


Albite and Its Variety Cleavelandite——A white, sugary, fine- 
grained albite occurs sparingly in association with columbite and 
fine-grained muscovite. In contrast to this, the variety cleave- 
landite is the abundant and important feldspar in this deposit. 

It has a mottled bluish-gray color, is brittle, exhibits a radiating 
blade-like texture, and occurs associated with quartz, muscovite, 
and tourmaline. Microscopic examination shows inclusions of 
muscovite. 

The following chemical analysis of the material has been sup- 
plied by the office of the Consolidated Feldspar Company at Key- 
stone. In addition to the material contained in the analysis given 
below there is probably between 0.5 and 0.7 of one per cent phos- 
phorous as P.O, .° 
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Microcline-Perthite——The potash feldspar is easily distin- 
guished from the gray-blue cleavelandite. It is a creamy-white 
perthite consisting of microcline with albite stringers. 


8 Personal Communication from Consolidated Feldspar Corporation. 
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Quartz.—The quartz is white to gray in color, vitreous, and 
generally associated with cleavelandite and tourmaline. It oc- 
curs abundantly in all the dikes. The northwest part of the Vol- 
cano Lode pegmatite consists essentially of quartz, the change 
being a gradual one from a normal pegmatite at the southeastern 
end. Rose quartz appears to be absent, notwithstanding the fact 
that it is essentially the only mineral present in the famous Scott 
rose quartz mine about five-and-one-half miles southeast of Cus- 
ter. 

Muscovite——The muscovite is of a very light brownish color 
and varies from small grains to pieces four to six inches in di- 
ameter. The larger pieces are ruled parallel to the prism and 
pinacoid faces. It is associated with quartz, cleavelandite, and 
tourmaline. Muscovite is more abundant in the Big Tom and the 
Volcano Lode than in the other pegmatites. In places a fine- 
grained yellow mica occurs in bands about an inch wide in the 
cleavelandite. It is locally called lepidolite but spectrographic 
analyses show it to be muscovite rather than lepidolite. 

Tourmaline-—Tourmaline occurs not only along the borders 
but throughout the pegmatite. The black crystals are striated 
and range in size up to two inches across. Masses of black tour- 
maline several inches in diameter also occur in association with 
quartz and cleavelandite. ; 

Beryl.—Beryl occurs in pale green, rather small hexagonal 
crystals, less than two inches across the prism faces. One crys- 
tal found had an intergrown core of creamy-white albite, and 
another contained concentric bands of gray-blue albite. Inclu- 
sions of muscovite are common. 

Amblygonite-——The amblygonite is white, vitreous in luster, 
and contains quartz inclusions. A section from a_ specimen 
shows excellent polysynthetic twinning consisting of very narrow 
lamellae. In the field its greater weight distinguishes it from 
microcline. 

Columbite——This mineral occurs in narrow blades, in places 
with a radiating structure, and as small black specks irregularly 
arranged throughout the fine-grained albite. 
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Spodumene and Triphylite—These minerals have been re- 
ported from the Big Tom but the writer did not find either of 
them. 


OTHER COMMERCIAL FELDSPAR DEPOSITS IN THE VICINITY OF 
CUSTER. 


Several other feldspar deposits have been worked commercially 
in the region south of Custer. Among the best known are Tin 
Mountain, Tricky Claims, and the White Elephant mine (Fig. 1). 

The feldspar at Tin Mountain is reported® to be a creamy, 
perthitic variety that is exposed over an area ten by thirty-five 
feet. Fifty or more feet above the mass are outcrops of creamy 
colored and pink feldspar, and below are quartz and smaller feld- 
spar masses with lithium and caesium minerals. At the Tricky 
Claims *° a white-burning, red potash feldspar occurs in a dike 
two hundred feet wide and one-half mile long. The feldspar 
from the White Elephant mine is grayish-white in color and 
occurs in a dike twenty to sixty-five feet thick forming the top 
of a ridge nearly six hundred feet long. The feldspar extends 
downward for seventy feet but for an equal distance below that 
horizon no large bodies have been encountered. 

The writer examined some specimens from the White Elephant 
which were collected by Mary S. Robertson during the summer 
of 1935. Feldspar, quartz, beryl, and triphylite occur. The 
feldspar, for which the mine has been operated, is a white micro- 
cline-albite perthite. Both rose and smoky quartz are present. 
The beryl occurs in greenish-white, opaque, hexagonal crystals; 
and the triphylite is brownish-black and shows, in places, the 
alteration product, purpurite. 


ORIGIN. 
The proximity of the Big Tom and adjoining dikes to the 
Harney Peak granite batholith indicates that they are probably 
9Hess, F. L.: Ore deposits of the western United States, Lindgren Volume. 
Am. Inst. Min. Met. Engrs., New York, p. 528, 10933. 


10 Idem. 
11 Idem. 
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genetically related to this larger mass. The similar texture and 
mineralogy, with the addition of rare minerals in some of the 
dikes and cupolas, leave little doubt that they are, at least in part, 
a differentiation from the same parent magma. Zeigler ** has 
prepared a paragenetic table of the minerals found and says that 
it shows “ to an unusually complete degree the differentiation of 
a granitic magma.” ** 

Because of the unusual number of the rarer minerals occurring 
in the pegmatites of the Black Hills these deposits have received 
special.attention. The current theory offered to explain the well- 
known Keystone pegmatites involves a hydrothermal replace- 
ment of earlier formed pegmatite minerals.** The first stage of 
the process was the crystallization of a magma containing chiefly 
microcline, quartz, some muscovite, tourmaline, and beryl.** Af- 
ter this phase of mineralization ceased, hydrothermal solutions 
penetrated cracks and fissures and caused replacement of the min- 
erals already formed.** This theory has-been developed by 
Landes, Hess,** and Schaller.*® 

There was not enough time, nor were the workings sufficiently 
developed, to warrant a detailed paragenetic study of the minerals. 
The quartz, microcline, muscovite and black tourmaline were 
found intergrown and appear to be a direct crystallization from 
the pegmatite magma. Such an intergrowth would fit into 

12 Zeigler, Victor: Op. cit., pp. 267-270. 

13 Idem, p. 264. 

14 Landes, K. K.: Sequence of mineralization in the Keystone, South Dakota, 
pegmatites. Am. Min., vol. 13, pp. 519-530, 537-558, 1928. 

15 Idem, pp. 542-546. 

16 Landes, K. K.: Origin and classification of pegmatites. Am. Min., vol. 18, 
P. 54, 1933. Sequence of mineralization in the Keystone, South Dakota, pegmatites. 
Am. Min., vol. 13, pp. 546-558, 1928. 

17 Landes, K. K.: Sequence of mineralization in the Keystone, South Dakota, 
pegmatites. Am. Min., vol. 13, pp. 519-530, 537-558, 1928. Origin and classifica- 
tion of pegmatites. Am. Min., vol. 18, pp. 33-56, 95-103, 1933. 

18 Hess, F. L.: The natural history of pegmatites. Eng. and Min. Jour. Press 
120, no. 8, pp. 289-298, 1925. 

19 Schaller, W. T.: Mineral replacements in pegmatites. Am. Min., vol. 12, pp. 


59-63, 1927. 
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Landes * primary stage of magmatic crystallization. Cavities 

are absent, as are the rarer minerals usually attributed to hydro- - 
thermal stages. Their absence suggests that the hydrothermal 

phase, at least in the part of the pegmatite now being worked, is 

practically absent; and that the pegmatite, as exposed, may 

represent a deposit that originated from the fractionation of a 

soda-rich magma. 
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20 Landes, K. K.: Sequence of mineralization in the Keystone, South Dakota, 
pegmatites. Am. Min., vol. 13, pp. 542-546, 1928. 
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GENESIS OF SULPHUR DEPOSITS OF THE U.S. S. R. 


Sir: I have read with much interest the article by P. M. 
Murzaiev on the “Genesis of some Sulphur Deposits of the 
U.S. S. R.” (This Journal, vol. 32, no. 1, 1937). Murzaiev 
describes sedimentary sulphur deposits on the lower Volga and in 
the Crimea. Since | have repeatedly investigated the genesis of 
such deposits, I wish to corroborate his views. 

The difficulties in explaining the genesis of sedimentary sulphur 
deposits are due in part to the fact that sulphur reacts readily 
to pressure. It and the accompanying sulphates and carbonates 
recrystallize, completely destroying the original texture and struc- 
ture of the deposit. Such recrystallized, original sedimentary 
deposits are those of Sicily. 

Much more favorable for study than the Sicilian deposits 
are some deposits on the Italian mainland. Several years ago I 
studied the deposit of the Formignano mine in the Cesena Basin, 
Romagna." This is especially suitable for genetic study since 
the sediments here are only gently folded and the sulphur deposits 
have suffered no recrystallization. Here I could determine that 
the sulphur-bearing horizon is a true sediment of great horizontal 
extent. A bituminous limestone-dolomite intercalation in clays 
and marls contains sulphur. It is the most bituminous member 
of the sedimentary series. It is to be assumed that the bitumen 
content played an essential role in the formation of the sulphur. 

It is agreed today that the formation of sulphur is brought 
about through the oxidation of hydrogen sulphide. In the in- 
vestigation of epigenetic sulphur deposits in the Ferghana Basin,” 

1 Sitzungsberichte der Gesellschaft zur Beforderung der gesamten Naturwissen- 


schaften, vol. 70, pp. 85-92, Marburg, 1935. 
ia Chemie der Erde, 1933-34, p. 613. 
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I assumed that the reduction of sulphates with the formation of 
H.S was an inorganic process. As a result of my studies in 
Formignano I must accept Murzaiev’s view that the reduction of 
sulphates to H.S can be explained only by bacterial action. 
Ana€robic, sulphate-reducing bacteria are known, and their oc- 
currence in petroleum waters has been established. 

It is a well known fact that sulphur and oil are mutually ex- 
clusive in their deposits. Where there is much sulphur, there is 
little oil; and conversely. How is this observation to be ex- 
plained? The source materials of petroleum are marine organic 
oozes (Sapropels). The gases accompanying the petroleum fre- 
quently contain H.S which escapes with carbon dioxide when the 
oil horizon is drilled into. Nevertheless no sulphur occurs in the 
oil deposits because of the absence of the oxygen required to 
oxidize the H.S. The source materials of the sulphur deposits 
are lagoonal, bitumen-rich limestone, dolomite, or marl beds, 
formed in hot arid climates. The bacterial formation of H.S 
in these beds continues presumably even after they are covered 
with clay sediments. H.S cannot escape upwards and collects 
together with carbon dioxide in the limestone-dolomite horizon. 
Through later uplift and partial erosion of the overlying sedi- 
ments the H.S-bearing bed comes into the sphere of the highly 
oxygenated ground water. Thereby followed the oxidation of 
the H.S to sulphur and gypsum and of the petroleum to dark, 
viscous oils and asphalt. In the sulphur deposits of Sicily and 
Italy such oils and asphalts are widespread. 

Where, as a result of intense tectonic movements, the sedi- 
mentary cover over the H.S bearing horizon was shattered, the 
gas escaped into it and the formation of epigenetic sulphur de- 
posits occurred in fractures and as impregnations. An excellent 
example of such a deposit in the beds overlying a deeply eroded 
oil horizon is the Schor Su Mine in the Ferghana basin. Here 
the hydrogen sulphide, from which the sulphur deposit was 
foriied, came from the oil deposit itself.” 


2 Ahlfeld, F.: Beitrage zur Kenntnis der Schwefellagerstatten Turkestans. Zeit- 
schr. praktische Geologie, 1935, pp. 33-41. 
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The further study of sedimentary sulphur deposits must be 
carried ouc experimentally hand in hand with bacterial investiga- 
tions concerning the origin of oil. 

FRIEDRICH AHLFELD. 

NANKING, CHINA, 

July 6, 1937. 


HYDROTHERMAL LEACHING OF IRON ORES. 


Sir.—Dr. J. W. Gruner concludes his excellent note in a recent 
number of this JOURNAL on the theory of hydrothermal leaching 
of iron ores by hot magmatic cum meteoric waters, with the state- 
ment: ‘‘ Although the subject is a very tempting one it is beyond 
the scope of this paper to apply the theory to pre-Cambrian iron 
ores of other continents.”* I would refer him to my paper 
“The origin of iron ores in Singhbhum, India,” * where he will 
find support for the view in the similar mode of origin advanced 
for these Indian deposits. Discussing the origin of the banded 
quartzites I remarked: 

Anyone acquainted with thermal regions is aware, however, that by far 
the greater proportion of water emitted by hot thermal springs is meteoric, 
and has become super-heated by ascending magmatic steam. Frequently 
the investigator can amuse himself by controlling the surface water from 
which an adjacent geyser draws its supply. In such an area underground 
circulation, with its concomitants of leaching and transportation of min- 
erals, must be at a maximum and capable of moving immense quantities 
of silica. 

The same view is maintained in my recent memoir “‘ The mineral 
deposits of Eastern Singhbhum and surrounding areas.” * Al- 
though this view was advanced in the first instance to explain the 
origin of some of the ferruginous quartzites, I also regarded the 
processes of ore enrichment as, in part, due to thermal waters. 
But having once stressed the magmatic cum meteoric nature of 
the thermal waters in discussing the origin of the quartzites, I 
did not regard it as necessary to repeat the view when indicating 
the influence of thermal activity in enrichment. 

1.Econ. GEot., vol. 32, p. 130, 1937. 


2 Econ. GEot., vol. 30, pp. 643-654, 1935 (written actually in 1933). 
3 Mem. Geol. Surv. Ind., vol. 69, pt. 1, p. 189, 1937. 
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Notwithstanding the above, I must point out that evidence of 
the activity of recent surface waters in enrichment of some iron 
ores is also strong in India. The vagaries of climate alone ex- 
plain much—one has only to think of the enormous amount of 
work done by surface waters and represented by the laterites of 
the tropics. Finally, in my memoir I remarked (page 211): 

In the Lake Superior area there has been considerable discussion as to 
whether the ores have been concentrated by meteoric or surface waters, 
or whether concentration has been brought about by ascending hot mag- 
matic waters. From the evidence of Indian ores it seems unnecessary 
to subscribe to such arguments, for it is apparent here that concentration 
has arisen under both sets of conditions. Any circulating waters seem 
capable of performing this work. 

In other words I refuse to subscribe to any uniformitarian doc- 
trine—a remark which I feel sure Dr. Gruner will forgive! 

J. A. Dunn. 
GEOL. SuRVEY oF INDIA, 
CatcutTta, INDIA. 
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Géologie Appliquée. By E. Racuin. Masson et Cie, Paris, 1934. 

The ambitious scope of this work may be suggested by listing its main 
chapter headings with the explanatory phrases appended to some of them 
by the author in his introduction. 

1. Evolution of Earth's. Crust. This chapter defines the geologic 
forces at work on the surface of the earth. 2. Rocks of the Earth’s Crust 
—which, on the one hand, are acted upon by the geologic forces and, on 
the other hand, are the result and end product of these forces. 3. Suc- 
cession of Sedimentary Formations produced by the evolution of the 
crust caused by external agents. 4. Tectonic Deformation: disturbances 
of the strata caused by subterranean movements. 5. Methods of Studying 
the Structure of the Crust, emphasizing the fundamental rdle of geologic 
mapping. 6. Rocks at the Earth’s Surface, considered especially with 
regard to engineering works. 7. Building Materials. 8. Construction of 
Tunnels and Dams. 9. Underground Water. 10. Mineral Fuels. 11. 
Ores. 12. Study of Mineral Deposits. 13. Geophysical Prospecting. 

The first four chapters, occupying only 153 pages, undertake to do 
nothing less than to outline all geology, including paleontology, mineralogy, 
and petrology. The remaining.nine chapters, filling 218 pages, are said 
by the author to treat of the applications of geology to engineering and 
the search for useful minerals, though Chapter V, dealing with methods 
of deciphering and graphically representing geologic structures, is per- 
haps hardly so classifiable. The degree of success with which the plan 
has been carried out is remarkable: fundamental matters are not shirked 
and the style is lucid. 

Selection and emphasis are the dilemma of any such text. The 
American reviewer would probably question the emphasis given alpine 
structures; the desirability of the mathematical treatment of light in the 
description of the petrographic microscope; the failure in describing the 
ore minerals to mention etch tests and microchemical tests and the em- 
phasis given the optical reactions of light; the converse of American prac- 
tice; and the emphasis given to magnetometric surveying in geophysical 
work, a technique which has not been fruitful in the United States except 
where applied to magnetic ore deposits. Or again the reviewer might 
criticize the failure to mention zinc and manganese in a brief description 
of the ore deposits at Butte. 
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The book is addressed to the general reader with some training in the 
basic sciences who wants to know what geology is about, how the geologist 
attacks his problems, and where geology impinges upon technology. It is 
not intended for the professional geologist nor does it purport to give 
practical instructions to the engineer. None the less, engineers might 
read it as an introductory résumé of the subject and many professional 
geologists could read the book with pleasure and some degree of broaden- 
ing and stimulation. 
Francis G. WELLS. 

U. S. GEonocicaL Survey, 

WasHINGTON, D. C., 

October 1, 1937. 


Geology of Gangpur State, Eastern States. By M. S. KrisHNAN 
GEOLOGICAL SurvEY OF INpIA. Memoir 71. Pp. vii + xviii-++ 181. 
Hugs. 0: 81. 10: 1937... Price 11s. 

This deals with the general geology of the Gangpur State and gives 
a brief description (52 pages) of its economic resources. The Dharwar 
succession, which covers most of the area discussed, is divided into a 
lower Gangpur series of phyllites, mica-schists, and marbles and an upper 
iron-ore series of mica schists, phyllites, and quartzites. In each occur 
masses of basic igneous rocks which have been metamorphosed to amphib- 
olites and epidiorites. Most of them are regarded as sills. Tongues 
of granite extending from a batholith outside the mapped area penetrate 
the members of the Dharwar beds and in many places produce with them 
injection gneisses. 

Of the economic products mentioned only the manganese ores are 
described in detail. These are mainly mixtures of pyrolusite, psilomelane 
and in some places braunite and wad. No ore is now produced from 
the mines in the State, although the author declares that a large quantity 
of high grade ore still remains within workable depths in the Ghoriajor 
group of quarries, but it can not now be worked profitably. All the ores 
are in the gondite beds of the Gangpur Series, which are non-calcareous 
metamorphic rocks consisting principally of quartz, rhodonite, spessartite, 
and other manganese silicates. A part of the ores, according to Fermor, 
were formed directly by the compression of nearly pure manganese 
silicates produced during the metamorphosing process. A small quantity 
is due to secondary deposition near the surface. 

There is an abundance of limestone and dolomite in the state, though 
the present production is small. It has been used mainly in iron-smelting 
furnaces and for making lime. 

Coal, gold, galena, pyrite, diamond, kyanite, sillimanite, fire-clay, kaolin 
barite, soapstone, feldspar and muscovite are also reported from the dis- 
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trict surveyed but none of them have been exploited except intermittently 
on a small scale. 
W. S. Baytey. 


The Institute of Economic Mineralogy, Chief Editorial Office of Min- 
ing-Fuel and Geological-Prospecting Literature, Moscow, U. S. S. R., 
1937: pp. 28, figs. 9. 

This circular was printed for the XVII International Geological Con- 
gress in Moscow. It is reviewed here because of the interest which the 
Institute holds for those who did not attend the Congress. The Institute 
is under the ultimate direction of the United Geological Service of the 
U.S. S. R. Its policy is set by a scientific council acting through its 
Director. Besides administrative branches it includes three main divi- 
sions—those of field work, technology, and mineralogy-petrology. The 
last is equipped with laboratories and staffs of mineralogy, petrology, 
sedimentary rock study, crystal chemistry, X-ray work, and chemical 
analysis. Field work is mainly in exploration for useful minerals; the 
technological division investigates utilization problems; and the min- 
eralogical and petrographical laboratories deal with fundamental scientific 
questions and serve both of the other divisions as well. At this writing 
the total of purely scientific workers is 249; about 25 per cent. of these 
are geologists, 20 per cent. mineralogists and petrologists, and 20 per cent. 
technologists. Physicists, chemists, mining engineers, and economists 
are also included in this category. The Institute is well housed and was 
visited by many foreign geologists during the Congress. 

For geologists living under a different economic system a com- 
parison with our governmental institutions is of genuine interest. It 
must, of course, be remembered that the government of the U. S. S. R., 
since it carries on the work of a mining trust, stands in need of a closer 
linkage between technical and theoretical problems than, for example, that 
of the United States, where private industry develops its own technology 
beyond a certain point. Our bureaus do not generally face the problem 
of utilization nor, for that matter, of development to the extent prac- 
tised in the U. S. S. R. 

In so brief a review mention can be made of only a few of the Insti- 
tute’s studies, chiefly to indicate their scope. Geological prospecting has 
been successful in finding graphite, fluorite, and bauxite. The milling of a 
tripoli-like product, the “ 


” 


dry-washing ” of kaolin, and the differential 
flotation of fluorite have been successfully carried out. The smelting of 
various special types of aluminum ores and of titano-vanadiferous iron 
ores has been mastered. The X-ray laboratory is now applied to drug 


identification. Examples of the more strictly theoretical work of the 
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Institute are the core-drill exploration of the old platform below Moscow 
and the splendid optico-mineralogical work of the mineralogical section. 

The Institute is an interesting creation of the Soviet state, and one 
whose work will be closely followed by foreign geologists. It is to be 
hoped that its work will be made readily available to non-Russians by 
active publication in foreign geological journals. 

Cuas. H. Bere, Jr. 
NORTHWESTERN UNIVERSITY, 
Evanston, ILt. 


An Introduction to Historical Geology, with Special Reference to 
North America. (4th Edit.) By Ww. J. Miter. Pp. 499; figs. 
372. D. Van Nostrand Co., New York, 1937. Price $3.25. 

A thorough revision of the book first published in 1916. Much text 
has been rewritten and expanded, material has been brought up to date 
and particularly many new photographs and drawings have been added. 
The drawings are excellent but the half tones are quite poor. The Paleo- 
zoic, instead of being treated as separate units is unified into Earlier and 
Later Paleozoic. The text is interestingly written. 


Drilling Mud: Its Manufacture and Testing. Transactions of the 
Mining and Geological Institute of India, Vol. XXXII, December, 
1936. By P. Evans and A. Rep. Pp. xxx-+ 263. Price $5.00. 

A thorough account of the method of preparing and testing mud used 
in rotary drilling. The experimental results described were obtained in 
the laboratories of the Burma Oil Company, Ltd., and the discussion is 
published by its permission. In spite of the large amount of information 
the authors have accumulated on the subject, they feel that there is not 
yet enough knowledge of the properties of different types of “mud” to 
“enable either the driller or the mud technologist to be certain that the 


mud in use is the best possible orie for the particular problem with which 
he is confronted.” 


Weather Rambles. By W. J. Humpureys. Pp. 265; figs. 37. Wil- 
liams and Wilkins, Baltimore, 1937. Price $2.50. 

The title adequately describes this interesting little book. The author 
rambles from “ Tall Tales of the Prairie Twister,” through “ Gala Snow” 
to “Teetering on an Ice Age,” through the “ Stuff We Call Air” to 
“Where the Rain Comes From,” and “ Hunting Weather.” These and 
other catchy titles tell about things done by the winds and clouds and air 
masses and the author acquaints one with real knowledge of the weather 
and imparts many quaint and curious items of meteorological lore. He 


who reads it will understand weather better, and he should read it. 
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BOOKS RECEIVED. 
J. D. BATEMAN. 


Carbonizing Properties and Petrographic Composition of Millers 
Creek Bed Coal, Johnson County, Kentucky. A. C. FIELpNeR, J. D. 
Davis, R. Tu1ressen, W. A. Servic, D. A. REyNoLps, G. C. Sprunk 
AND C. R. Hotmes. Pp. 50, figs. 27. U.S. Bur. Mines, Tech. Paper 
572, 1937. Price, 10 cts. 

Geology and Fuel Resources of the Southern Part of the San Juan 
Basin, New Mexico. C. H. Dane. Pp. 84, fig., pls. 12, maps 4. 
U. S. Geol. Surv., Bull. 860-C, 1936. Price, 40 cts. Discusses La 
Ventana-Chacra Mesa coal field. 


Inferences about the Origin of Oil as Indicated by the Composition 
of the Organic Constituents of Sediments. P. D. Trask. Pp. I1. 
U. S. Geol. Surv., P-P, 186-H, 1937. Price, 10 cts. Origin of petro- 
leum from nitrogenous compounds, complex proteins and non-fatty 
substances. 


Report of the Geological Survey Department for the Year 1936, 
Federated Malay States. Pp. 19. Price, $1.00. 


Occurrence of Dickite and Fluorite in the Cambrian and Ordovician 
of Perry County, Missouri. J. G. Gronskopr anp Mary Hunp- 
HAUSEN. Pp. 13, figs. 2, pls. 2. Mo. Geol. Surv., append. 3, soth 
Bienn. Rept., 1937. 


The Geologic History of Tombigbee State Park, Mississippi. W. C. 
Morse. Pp. 22, figs. 7, pls. 3. Miss. Geol. Surv., Bull. 33, 1936. 


Preliminary Report on Petroleum and Natural Gas in Washington. 
S. L. Grover. Pp. 24, fig. Div. of Geol., Wash., Rept. of Investiga- 
tions. No. 4, 1936. 


Non Metallic Mineral Resources of Washington. S. L. Grover. Pp. 
134. Div. of Geol., Wash., Bull. 33, 1936. 


The Geology of Washington, Part I. H. E. Cutver. Pp. 69. Wash. 
Div. of Geol., Bull. 32, 1936. Descriptive geology. 


Mineral Production of Ontario, First Nine Months, 1936. A. C. 
Younc. Pp. 8. Ont. Dept. of Mines, Bull. 107, 1936. 


Preliminary Statement on the Mineral Production of the Province 
of Quebec for 1936. Pp. 11. Bur. of Mines, Que., 1937. 


Mining Operations and Statistics, Quebec, 1935. Pp. 112, fig., pls. 12. 
Quebec Bur. Mines, Ann. Rept. 1935, Pt. A, 1936. 


Geology of the Opeepeesway Lake Area; Horwood Lake Area; 
Recent Developments in the Swayze and West Shiningtree Areas. 
H. C. Lairp. Part of Strathy Township. .W. S. Savace. Notes on 
Mongowin Township and Vicinity. H.C. Ricxasy. Pp. 68, figs. 17, 
pls. 13, map. Ont. Dept. of Mines, Ann. Rept. vol. 44, pt. 7, 1935. 
Active gold prospect areas in District of Sudbury. 


Geology and Ore Deposits of the Matachewan-Kenogami Area; 
Geology of the Martin-Bird Property in Hearst Township; Notes 








on So! 
5, pls. 
1935- 
A Biblic 
of Sot 


Compre 
Petrol 
HG: 
ganize 

Drilling 
Trans. 
Price, 
carefu 

Tripoli 
Circ. J 

Mining 
45. ] 
tion O 

Strontit 
Dept., 
uses, | 

Soil Su 
map. 
Surve 
39, m 

Geolog’ 
32, fis 

1936. 
Gold D 
of th 
figs. : 
1935. 
Natura 
pls. 5 
Statisti 
207, | 
Mines 
Dept 
Prelim 
rp. 3 
Report 
Dept 
Brazil, 
Port 
Car 
Mag 





Millers 
B29. 309: 
PRUNK 
_ Paper 


n Juan 
laps 4. 
ses La 


osition 
Ep; :11- 
' petro- 
n-fatty 


r 61936, 


Ovician 
Hunp- 
3, 59th 


Wie: 
36. 

ington. 
yestiga- 
BR. Pp; 
Wash. 
A. © 
rovince 


pls. 12. 


Area; 
Areas. 
otes on 
figs. 17, 
7, 1935. 


Area; 
Notes 








REVIEWS. 983 


on Some Properties in Lebel Township. W. S. Dyer. Pp. 69, figs. 
5, pls. 19, maps 2. Ont. Dept. of Mines., Ann. Rept., vol. 44, pt. 2, 
1935. Gold areas of active interest in the District of Temiskaming. 


A Bibliography of South African Geology, 1931-35. Pp. 168. Union 
of South Africa, Geol. Surv., Pretoria, Mem. 30. Price, 5/-. 


Comprehensive Index of the Publications of the Am. Assoc. of 
Petroleum Geologists, 1917-1936. D. W. Heatu. Pp. 382. A. A. 
P. G., Tulsa, Okla., 1937. Attractive cloth-bound volume; well- or- 
ganized index. 


Drilling Mud: Its Manufacture and Testing. P. Evans anp A. REID. 
Trans. of the Min. and Geol. Inst. of India, Calcutta, Dec., 1936. 
Price, $5.00. Excellent exhaustive contribution to rotary drilling; 
careful analyses of physical and chemical constants of drilling muds. 


Tripoli Deposits of Georgia. G. W. Crickmay. Pp. 8, figs. 4. Infor. 
Circ. No. 9, Georgia Div. of Geol., Atlanta, 1937. 


Mining in Malaya. H. G. Harris anp E. S. WiLLrourn. Pp. 96, pls. 
45. Malayan Information Agency, London, 1936. Popular descrip- 
tion of geology, mineral occurrences and mining methods; chiefly of tin. 


Strontium Minerals (Second Ed.) E. H. Brearp. Pp. 33. Min. Res. 
Dept., Imperial Inst., London, 1937. Price, 1/6. Sources, treatment, 
uses, prices and production of strontium and its compounds. 


Soil Survey of Craig County, Okla. A. C. ANpErson, et al. Pp. 41, 
map. U. S. Dept. of Agric., Ser. 1931, No. 24, Price, 35 cts. Soil 
Survey of Nansemond County, Virginia. R. E. DEvVEREUx, et al. Pp. 
39, map. U.S. Dept. of Agric., Ser. 1932, No. 6, Price, 30 cts. 


Geology of the Birch-Springpole Lake Areas. W. D. Harpinc. Pp. 
32, figs. 5, pls. 7, map. Ont. Dept. Mines, Ann. Rept., vol. 45, pt. 4, 
1936. Map area in gold-bearing district of northwestern Ontario. 


Gold Deposits in the Vicinity of Red Lake. M: E. Hurst. Geology 
of the Cat River-Kawinogans Lake Area. W.D.Harpine. Pp. 81, 
figs. 28, pls. 17, map. Ont. Dept. of Mines, Ann. Rept., vol. 44, pt. 6, 
1935. Gold producing and prospecting areas of northwestern Ontario. 


Natural Gas and Petroleum in 1934. R. B. Harkness. Pp. 84, figs. 4, 
pls. 5, map. Ont. Dept. Mines, Ann. Rept., vol. 44, pt. 5, 1935. 

Statistical Review of the Mineral Industry of Ontario for 1934. Pp. 
207, figs. 2. Ont. Dept. of Mines, Ann. Rept., vol. 44, pt. 1, 1935. 


Mines and Metallurgical Works of Ontario in 1935. Pp. 116. Ont. 
Dept. Mines, Bull. 105, 1936. 


Preliminary Report on the Mineral Production of Ontario in 1935. 
Pp. 32. Ont. Dept. Mines, Bull. 103, 1936. 


Report on the Mining Accidents in Ontario in 1935. Pp. 32. Ont. 
Dept. Mines, Bull. 102, 1936. 


Brazil, Dept. of Mineral Production. Rio de Janeiro, 1936. (In 
Portugese): Bull. 10, Geophysical Prospecting in Sao Paulo, by 
CaRVALHO Do AMARAL AND H. C. ALves bE Souza, pp. 102; figs. 28. 
Magnetic and gravimetric methods. Bull. 11, Tantalum, Niobium, 
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Uranium, and Radium in Brazil, by O. H. Lronarpos, pp. 56; occur- 
rence, properties, and treatment. Bull. 12, Mica, by N. Passos anp 
J. M. Arrocapo Lissoa; occurrences, character, uses, and preparation. 
Bull. 14, pp. 118. Administrative Report. Avulso 1; Extraction of 
Alluvial Gold. By D. Guimarags, pp. 15. Av. 5, As Occomencias 
do Poco Sao Joao, by E. B. Dutra, pp. 11. Av. 6, Codigo de Minas, 
(Mining laws), pp. 40. Av. 7, Tectonics of Sao Pedro-Xarqueada, 
by V. OpPpENHEIM AND M. C. MALAMPHY, pp. II; figs. 8. Structure 
and gravity anamoly interpretations. Av, 8, Planalto de Posos de 
Caldas e Suas Possibilidades Economicas, by O. Barsosa, pp. 33, figs. 
13. Miscellaneous minerals. Av. 9, Sedimentary Diamonds of Par- 
ana, by V. OPPENHEIM, pp. 14, figs. 10. Occurrences and exploration. 
Av. 10, Barite in Araxa, by A. I. bE OLIVEIRA, pp. 11. Av. 11, Quartz, 
by O. H. Leonarpos anp L. J. pE Moraes, pp. 16. Av. 12, Chromite 
in Bahia, by A. I. pe OLIverrA, pp. 8. Spec. Pub. 1, Geologic Column 
of Brazil, by D. GuIMARAES. 


Suggestions Concerning Desirable Lines of Research in the Fields of 
Geography and Geology. Edited by E. S. Bastin, C. O. Dunpar, 
and R. S. Piatr. (Mimeographed, 83 pp.) Nat. Research Council, 
Washington, Dec. 1936. Covers various fields of geology and geog- 
raphy. Correlation of replies to a circular letter sent out in April 
1936. Mostly verbatim quotations. 

Journal Hyderabad Geological Survey, Vol. III. Pt. 1. Government 
Central Press. Hyderabad-Deccan, 1936. Contains (a) Geology of 
the eastern-portion of the Raichur Doab with special reference to the 
granodioritic phases of the Dharwar series. (b) Note on the salinity 
in relation to soil and geology in Raichur district, and (c) Note on the 
bone well logs in Aurangabad and Parbhani districts in relation to the 


distribution of underground water in the Deccan Traps. Reports by - 


S. K. Mukherjee, L. S. and H. S. Krishnamurthy, C. Mahadevan, and 
L. Munn. : 


A Brief Outline of the Geological History of Hyderabad State with 
Special Reference to Its Mineral Resources. K. Mirza. Hyderabad 
Geol. Series. Bull. No. 2, 1937. 

Mosel Bay, S. Africa. Geol. Map, Sheet 201. Scale 1:48, 752. Geol. 
Surv., Pretoria, 1937. 

Geologic Map of Kansas. Edited by R. C. Moore, K. K. LANpEs, anp 
G. W. Srose. Scale 1: 500,000, 49 X 54 in. Geol. Surv. of Kansas, 
1937. : 

Memoirs of the Geological Survey of India, Vol. LXIX, Pt. 1. The 
Mineral Deposits of Eastern Singhbhum and Surrounding Areas. 
J. A. Dunn. Pp. xxiii-+277. Pl. 23. Figs. 15. Govt. of India, 
1937. Price 16s. Distribution, character, and relations of important 
copper, gold, wolfram, apatite, mica, and galena veins associated with 
the acid intrusives; hematite, magnetite and manganese ores, of which 
the magnetite is magmatic and the others of semi-syngenetic origin 
modified by metamorphism; a general geology, and thorough discussion 
of the genesis of the ore bodies. 
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SCIENTIFIC NOTES AND NEWS 





Chester W. Washburne is examining oil properties in Venezuela. 

William Burns, consulting geologist and former manager of N’Changa 
Mines, N. Rhodesia, has moved his residence from Boston to 73 Edgehill 
Road, New Haven, Conn. 

F. G. Clapp, consulting geologist, of New York City, has recently been 
made vice president of the Amiranian Oil Co. and Inland Exploration 
Co. On August 17 he left to take charge of explorations of these com- 
panies in Asia. 

H. Foster Bain has returned from China and Japan to Manila, at the 
Manila Hotel, and will spend much of the coming year in the Far East as 
Advisor on Mining to the Philippines. 

The Standard Oil Co. of New Jersey, on October 2, launched a new 
ship named “ Wallace E. Pratt” sponsored by Miss Nancy Jane Pratt. 

J. A. Carpenter has been appointed director of the MacKay School of 
Mines of the Univ. of Nevada, to take the place of John A. Fulton who 
is on leave. 

F, S. Turneaure has left Bolivia and returned to the United States, 
having resigned as chief of the exploration department of Patino Mines 
& Enterprises Consolidated, Inc. 

Blamey Stevens has retired from active mining work and is living at 
the Earle Hotel, Jersey City, N. J. 

E. A. Goranson is geologist for the East Malartic Mines, Ltd., Malartic, 
Que. 

G. W. Rust, consulting geologist of Santa Fe, N. M., has gone to Lima, 
Peru, for the Cerro de Pasco Copper Corp. 

Thomas Clements has been appointed head of the department of geology, 
Univ. of Southern California, Los Angeles. 

W. T. Pettijohn is now underground manager of Mufulira Copper 
Mines, Ltd., Mufulira, N. Rhodesia. 

Linn M. Farish, in charge of the drilling program of Amiranian Oil 
Co., attended the International Geological Congress at Moscow and on 
September 1 went to Iran and Afghanistan to look at certain sites in the 
concession of the Amiranian Oil Co., and the Inland Exploration Co. 

Karl Hoffmann has returned from Brazil, and has gone to San Fran- 


cisco where he is making his headquarters. 
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R. F. Cuthbert is now in charge of construction of two earth roll fill 
dams above Santa Cruz, Calif. He was formerly geologist for the Los 
Angeles County Flood Control District. 

E. S. Moore has been appointed head of the Department of Geology at 
the Univ. of Toronto. 

L. B. Riley, geologist to the London. Mine at Fairplay, Colo., was a 
recent visitor at New Haven, Conn. 

A. L. DuToit has reached Johannesburg after attending the Inter- 
national Geologic Congress in Russia. He returned from Moscow to 
England and on to Durban, South Africa, entirely by air. 

The Geological Research Project in New York is making available for 
geologists data on 15,000 genera and species of foraminifera. The task 
was originally started by B. F. Ellis and the material has been collected 
and oriented by many workers. The finished product will consist of 25 
volumes of 1,000 pages each, and 45,000 illustrations. 

The American Institute of Mining and Metallurgical Engineers held a 
regional meeting in conjunction with the Canadian Mining Institute at 
Vancouver, September 13-20. In addition to papers, there were excur- 
sions to Victoria and the Bridge River District. The Petroleum Division 
held a fall meeting at Oklahoma City October 7-9. A number of papers 
were given at four technical sessions. The Industrial Minerals Division 
held technical sessions October 14 and 15 at Washington, D. C. The 
Metal Divisions met October 18-21 at Atlantic City, and the Coal Division 
October 27-28 at Pittsburgh. 

The American Association of Petroleum Geologists held a midyear 
meeting at Pittsburgh on October 14-16. 

The Am. Association of Petroleum Geologists and the A. A. P. G. 
Division of the Society of Economic Paleontologists and Mineralogists 
have a new post office address: Box 979, Tulsa, Oklahoma. 

Geoffrey Hancox, geologist at the Mawchi Mines, Ltd., was killed by a 
fall of rock in Burma on August I1. 

N. Wing Easton, of Rijswijk, Holland, died suddenly on July 13. 

The Society of Economic Geologists will hold their annual meeting in 
Washington at the time of the Geological Society of America meetings, 
December 28-30. The Program Committee will be glad to receive papers 
for presentation at the scientific sessions. Titles may be sent to T. B. 
Nolan, U. S. Geological Survey, Washington, D. C., or given to other 
members of the Committee. In accordance with the practice established 
at the last meeting, abstracts should be provided; they should be forwarded 
to the Committee before November 20 in. order to be included in the 
printed program. 

Those who attended the International Geologic Congress in Russia last 
summer report interesting excursions. 
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